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THE \'ENTILATORY FUNCTION OF THE LUNG IN 
EMPHYSEhIA AND ASTHMA^*' 


C. F. HOOVER, M.D., and LESTER TAYLOR, M.D 


This study of emphysema and asthma was undertaken with the idea 
that great changes in tlie dead space must occur wlicn an cmpliyscma- 
tous patient sufl’ercd an asthmatic attack. 

It was suggested in a former publication on emphysema’ tliat tlic 
dead space was probably much enlarged in cmpliyscma. If this were 
true then the dead .space of an emjihyscmatous patient must undergo a 
great change during an attack of asthma. We have succeeded in get- 
ting two emphysematous patients who liad frequent attacks of nstlima. 
After some persuasion, these patients learned to breathe through the 
Zuntz apparatus during asthmatic attacks. The asthma of both patients 
could always be relieved by subcutaneous injections of cpincplirin. In 
this way we had numerous opportunities to compare the minute volume 
of air and the alveolar air of the emphysematous state with the 
asthmatic state. Much to our surprise we found the dead space, as 
measured by our method, varied little in the two conditions. Further- 
more, we found the minute volume remained nearly the same, the con- 
centration of carbon dioxid in the alveolar air was increased very 
little during the asthmatic attacks, but in spite of these slight variations 
in lung ventilation the patients commonly were cyanotic during the 
attacks of asthma and we could not account for c3’’anosis by anj'^ 
changes in the circulatory S3'’stcm. 

To produce cyanosis by impairment in the circulation, the evidences 
of stasis must be very great. Sufficient stasis may occur to cause air 
hunger, marked cardiac enlargement and pronounced stasis in the 
venous system as evidenced by widening of the jugular veins and 
hepatic enlargement, and, in spite of all these signs, cyanosis may not 
be apparent. 

The problem then presents itself in this wise. An emphysematous 
patient may have an attack of asthma which will modify the measur- 

* Submitted for publication, July 23, 1914. 

1. Hoover, C. F.: The Minute Volume and Alveolar Air in Pulmonary 
Emphysema, The Archives Int. Med,, 1913, xi, 52. 
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iblc lung ventilation very little and not cause any demonstrable changes 
n the circulation, but cyanosis commonly occurs, Wliat may then 
iccount for the cyanosis? Some alteration in the function of external 
respiration owing to changes in the respiratory membrane during 
asthma? Or is there some factor in lung ventilation which we have 
thus far failed to take into account? 

From our observations we have come to the conclusion that cer- 
tainly a factor thus far unrecognized in lung ventilation is one cause, 
and, possibly, changes in the respiratory membrane during asthma juay 
be another cause of cyanosis in asthma. 

As was stated, when we began our observations we sought to 
compare the dead space of asthma with the dead space of emphysema, 
but our results failed to show an}’ essential change in the .size of the 
dead space. Sometimes the results showed a larger dead space in 
asthma and at other times the results were reversed. At no time was 
the change in the dead space sufficiently large to have any signincancc. 
Our method was to collect sjiecimcns of the expired air and measure 
the minute volume of air, and also procure specimens of alveolar air 
ddring the asthmatic attacks, then we repeated these procedures directly 
after the asthma was relieved. It is obvious that the entire carbon 
dioxid is contained in the alveolar air and the air of the dead space will 
contain no carbon dioxid. At least this is true for an instant at the 
end of an inspiratory effort. \\’ith expiration the alveolar air and 
dead-space air arc cxiiellcd together, but the air at the end of the 
expiration will be free of dead space air, so by knowing the carbon 
dioxid content of the total expired air and the carbon dioxid percentage 
in the alveolar air we can easily estimate the total amount of alveolar 
air. Therefore, the dead space will equal the total e.xpircd air minus 
the alveolar air. If, for instance, a total expiration equals 1,000 c.c. 
and its carbon dioxid content equals 5 per cent, and the carbon dioxid 
content of the alveolar air equals 5.5 per cent., then the total alveolar 
air equals 

0.05 X 1,000 
— 909 c.c. 

0.055 

therefore the dead space is 1,000 — 909 = 91 c.c. 

It is clear, then, that the dead space estimated in this manner \.ill 
depend on the volume of expired air and the disparity between the 
carbon dioxid content of the expired air and the carbon dioxid content 
of the alveolar air. In our observations on asthmatic patients 'vc 
employed the Zuntz method, M'hich is not sufficiently accurate for 
estimating the dead space, but it is accurate enough for comparative 
studies of the ventilatory function of the lung. 

The minute volume specimens of air collected with the Zuntz 
apparatus are supposed to be collections composed of very minute 
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parts of each expiration. If a specimen of 50 c.c. is collected from a 
patient breathing fifteen times a minute for .ten minutes and each 
expiration equals 800 c.c., then it must be assumed that from each 
expiration of 800 c.c., 0.33 c.c. of air enters the collecting tube. There- 
fore, to be a perfect sample of the expired air, this 0.3 c.c. of air must 
be composed of the same proportions of air from the dead space and 
the alveolar air which are represented in the total expiration of 800 c.c. 
This cannot be expected, because the air of an entire expiration is not 
delivered with the same pressure throughout the entire expiratory 
phase, and if the pressure of expiration plays any part in the displace- 
ment of the liquid in the sampling-tube there will be more displacement 
in the first part of an expiration than in the latter part. The turning 
of the spindle of- the spirometer is therefore not the only factor which 
ma}'^ cause replacement of the contained fluid with air. W ere the 
revolving spindle the onl}' factor to replace the fluid with air in the 
sampling-tube there is another source of error, whether mercury or 
acidulated water is used in the tube. The discharge of the fluid is in 
drops and not in a graduated stream of minute proportions as should 
occur if the samjde of air is to be a collection of the total expired air in 
miniature, consequently air replaces each drop as it esca])es from the 
tube, and it is a mere chance at just what jiart of expiration this 
replacement of liquid by air takes jdace. 'J'he results arc fairly con- 
stant. but when a sample of air olgained with the Zuntz ajtparatus is 
compared with the total expired air collected in a rubber hag it is found 
the Zuntz specimens have a lower carbon dioxld content. We take this 
to be evidence that a disproportionately large part of the first portioii 
of each expiration is captured in the sampling-tube, as this portion of 
an expiration is delivered under higher pressure than is the latter por- 
tion of an expiration ; and the first part of an cx])iration has a lower 
carbon dioxid content than the latter part. For this reason the dead 
.space is reckoned larger when the Zuntz apparatus is used than when 
the entire expiration is captured and compared with the alveolar air. 
When the Zuntz apparatus was used, Patient R. J. gave the following 
result : 


Minute volume equals 9,000 c.c. 

Respiratory rate equals 21 per minute 

'/■ • Each respiration equals 428 c.c. 


Carbon dioxid in alveolar air equals . . 5.2 per cent. 

Carbon dioxid in expired air equals... 1.9 per cent. 

When the rubber bag was employed to collect the minute volume or 
total expired air : 


Minute volume equals 9,000 c.c. 

Respiratory rate equals 24 per minute 

Each respiration equals 425 c.c. 

Carbon dioxid in alveolar air equals.. 5.0 per cent. 
Carbon dioxid in expired air equals.. 3.58 per cent. 



4 


THE ARCHIVES OP INTERNAL MED/CINE 


From many estimates made by the two methods durinj^ different 
periods of our studies it is quite clear that specimens of the total 
expired air collected by the Zuntz ap()aratus give too low a perccntap^c 
of carbon dioxid. 

The first question to be settled is whether stenosis of any and all 
parts of the air-passages will cause an increased volume of the afTcctcd 
lung area. 

That the lung increases in volume during bronchiolar spasm is 
perfectly clear, but bronchiolar s])asm may carry with it some other 
factor than mere stenosis of the air-passages. 

During the past year, one of us saw a child with laryngeal diph- 
theria which caused marked stenosis of the larynx, but the stenosis was 
not severe enough to cause cyanosis. 'I'hcre was descent of the lower 
lung borders and also descent of the entire diaphragm, ns was clearly 
proved by strong inspiratory narrowing of the subcostal angle. 


z 



Diagram of cannula b^- which samples of air were taken for analysis. T, 
trachea; C, cannula; Z, branch to Znntz apparatus; S, lateral opening for 
sampling air; M, branch of mercury manometer; B, branch to bottle of 
2,540 c.c. capacity; E, clamp. 

We also employed some animal experiments to prove the same 
point. Dogs were first anesthetized with ether and then (after trache- 
otomy) a cannula was securely fixed in the trachea. The dogs were 
then given a sufficiently large dose of morphin so they would lie quietly 
breathing through a Zuntz apparatus. In the cannula a lateral opening 
was made 1 inch from the trachea, through which samples of air could 
be taken by sampling-tubes which were previously exhausted for the 
purpose. 

The cannula had two branches, one of which led to the Zuntz 
apparatus and one branch terminated in a Y tube. One branch of the 
Y connected with a mercury manometer and the other branch connected 
with a bottle of known capacity. 

A screw clamp was applied to the tube Z, which enabled us to pro- 
duce any desired amount of stenosis. 
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While the animal was breathing, S was closed and a clamp applied 
at E, so the animal breathed only through the Ziintz apparatus. 

The bottle to which the tube B was connected was then exhausted 
and the amount of minus pressure in the bottle was accurately meas- 
ured on the mercury manometer. 

When a specimen of alveolar air was wanted, the tube Z was 
clamped at the end of an inspiration. At the same moment the tube M 
was clamped and the clamp at E was released. As the signal was given 
an assistant compressed the animars thorax and abdomen so the air 
contained in the lung was aspirated into tlic bottle as all other com- 
munications were closed. During the aspiration it was necessary to 
clamp the lulic M to prevent the churning of air by the oscillations of 
the mercury column. The dog’s thorax was also compressed from 
without during the aspiration process to prevent rui)turc of the lung, 
which we found in our first experiments caused pneumothorax. 

W*hen the aspiration was completed the clamp at E was replaced 
and the clamps at M and Z were released, so the animal continued 
breathing through the Zuntz ap])aratus. 

By measuring the change in the stand of the mercury manometer 
before and after aspiration we could readily estimate how much air 
was drawn out of the lungs into the bottle. 

By using the same minus pressure in the bottle, we were able to 
compare the amount of air yielded when there was stenosis, with the 
amount of air yielded under the same aspiration when there was no 
stenosis in the respiratory path. 

This apparatus was designed for the purpose of getting specimens 
of alveolar air from dogs. Inciflental to these experiments, however, 
the following observations were made in an experiment designed to 
measure and analyze the minute volume of air and also to estimate the 
carbon dioxid content of the alveolar air. 

Specimens of alveolar air were procured before a stenosis was 
produced and also during the period of stenosis. The pressure in the 
bottle was the same when all the specimens were taken, namcl3% 
290 mm. I-[g less than barometric pressure. 

Without stenosis, three aspirations yielded 346, 242 and 340 c.c. 

With stenosis, three aspirations yielded 405, 610 and 534 c.c. 

The increase in the lung volume was not sufficient to cause inspira- 
tory narrowing of the subcostal angle. The subcostal angle distinctly 
widened during inspiration in the period of stenosis. 

Therefore, the increase in the residual air of the dog’s lungs was 
proportionately much smaller than was the increase of residual air in 
the child who had laryngeal stenosis. We believe we arc justified in 
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arriving at this inference from former comijaralivc observations on 
the movements of tlic costal borders in dogs and in human beings- 

The patient R. J. exhibited signs during an asthmatic attack which 
arc of interest in this relation. During the night of Aug. 30, 1913, 
R. J. liad an attack of asl));na wln’cli gave him as nmeb discomfort as 
any other attacks, but the asthma was confined to the upper left and 
lower right lobes. 'J'hc air-hunger was intense and there was both 
inspiratory and expiratory dyspnea. Coarse rales were abundant over 
the entire thorax, but fine whistling rales during inspiration and expira- 
tion were confined to the ujiper left and lower right lobes. It was also 
observed that the right costal border was strfjugiy drawn toward the 
median line during insjiiration, l.nit the left costal border was drawn 
away from the median line. 

Thus far it seems clear we are justillcd in saying that stenosis any- 
where in the tracheobronchial system will cause an increase of the 
residual air in that part of the lung supjdied by the affected air- 
passages. 

Tins experience also indicates that the e.xcitatorv influence ojierales 
locally on the affected bronchial system and not by way of the blood- 
stream. If bronchiolar constriction were accom[dishcd by absorption 
of split products of protcid into the blood-stream, it is not probable we 
could have regional bronchiolar constriction with regional increase in 
pulmonary volume. 

The problems of emphysema and asthma arc more complicated than 
first acquaintance would lead one to believe. We can understaiifl how 
an emphysematous patient may have a bronchiolar spasm and thus 
contribute to an increase of the resitlual air; and also, that the same 
minute volume of respired air with the same respiratory rate will be 
less effectual than in the non-asthmatic periods. 

If the residual air is much increased, then of course the ventilation 
must be enlarged to maintain a sufficient reduction in the carbon djoxid 
concentration of the alveolar air. Tliat a greatly increased efi’ort at 
respiration must be expended by the patient to accomplish this ventila- 
tion is clear enough to any one who watches a patient during an attack. 
When an emphysematous patient has an attack of asthma the minute 
volume of air and respiratory rate may be unaltered and, indeed, as we 
will show, the minute volume may be as large as during the interims of 
comparative comfort, but in spite of the ventilation the patient will be 
cyanotic during the attack and the carbon dioxid concentration of the 
alveolar air increases. Whether or not all these facts can be e.xplained 
by increase of residual air remains to be seen. 

2. Hoover, C. F. : Tlic Functions of the Di.aphragm and their Diagno.stic 
Significance, The Archives Int. Med., 1913, xii, 214. 
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Cask 1. — The patient, Mrs. L., was adinillcd to Lakeside Hospital in April, 
1913. The case represented the usual type of emphysema with bronchitis and 
asthma. Bronchitis existed a year before admission, but asthmatic attacks 
occurred only a few months before admission. 

TJie tongue, nose, cans and finger-nails showed no cyanosis, although the 
lips suggested a slight cyanotic tinge. Sputum was abundant and contained 
many cellular elements. About dO per cent, of the cells took the acid stain, 
but the granules of the cells did not have the conformation of the granules 
of eosinophils. The cells Iiad the appearance of polymorphonuclear cells 
stained red instead of the usual neutral color. 

Curschmann spirals and Cliarcot crystals were present in great abundance. 

Between tbc attacks, the lungs were sufiiciently large to fill the pleural 
sinuses, but there was distinct inspiratory widening of the subcostal angle. 

During tbc day of -'\])ril 12, 1913, two specimens of alveolar air were taken 
and found to contain 5 and 4.55 per cent, of carbon dioxid. 

On tbc night of April 12 the patient had a severe attack of asthma with 
slight cyanosis. Tlie alveolar air in two specimens contained 5.43 per cent, 
and 5.3 per cent, of carbon dioxid. 

Fifteen minims of cpinepbrin solution 1 : 1.000 (adrenalin P.. D. &• Co.) 
were then given subcutaneously and in two minutes the air-hunger was relieved 
and the inspiratory narrowing of llte subcostal angle changed to distinct inspi- 
ratory widening of the angle. Tiic lower borders of the lung remained tbc 
same. Two specimens of alveolar air were then t.akeil and found to contain 
4 and 4.10 per cent, of carbon dioxid. 

After a number of trials Mrs. L. learned to breathe through tiic Zuntr. 
apparatus during her astlnnalic attacks. We had the opportunity to collect 
specimens of the minute volume and alveolar air during five attacks of asthma. 
All the attacks were relieved by the subcutaneous injections of cpinepbrin 
so we had the opportunity to compare tlie lung ventilation and alveolar air 
during the attacks, with specimens procured directly after the asthma was 
relieved. 

The results obtained on the night of May 1. 1913, are very characteristic 
and serve to illustrate the question under discussion. 

The asthmatic attack was severe. Tlie patient was awakcncci out of her 
sleep with air hunger and noisy respiration. Cyanosis was perceptible in the 
finger-nails and cars and lips. Tiic subcostal angle narrowed during insjn'ra- 
tion. The pulse was 100 per minute, respiration 2S per minute, blood-pres- 
sure 130 .systolic and 90 diastolic. 

Four specimens of alveolar air were then taken with the following results : 
Carbon dioxid, 5.37 per cent.; 5,14 per cent.; 5.20 per cent.; 5.50 per cent. 

Immediately after these specimens were taken, a specimen was jirocurcd 
with the Zuntz apparatus. 

Time equals seven minutes 

Minute volume equals S.06 liters 

Respiration rate equals 20 per minute 

Carbon dioxid equals 2.6 per cent. 

A second Zuntz specimen was taken with the following result: 

Time equals six minutes 

Minute volume equals 5,2 liters 

Respiratory rate equals 19.8 per minute 

Carbon dioxid equals 2.74 per cent. 

One hour after the onset of the attack 15 minims of cpinephrin solution 
1 : 1,000 given subcutaneously without clearly perceptible improvement in the 
symptoms. Twenty minutes later 15 minims of cpinephrin 1 :1,000 were again 
given subcutaneously. A few minutes later the asthma subsided and the costal 
angle changed from narrowing to widening during inspiration. 





THE ARCHIVES OF INTERNAL MEDICINE 


A Ziintz specimen was then taken* 


Time equals ci^kt minutes 

Minute volume equals 6.4 liters 

Respiratory rate c(iuals 17*6 per minute 

Carbon dioxid equals 2.0 per cent. 


Three specimens of alveolar air were then taken with the following results: 
Carbon dioxid, 5.2 per cent., 5.07 per cent., 5.01 per cent. 

In all IIjc experiments tried on tliis patient there was not sufhcicrJt change 
in the minute volume of air and carbon dioxid concentration during the 
attacks of asthma to account for cyanosis. It seems there mu^^t have been 
some other factor besides a change in the ventilatory function of the lung to 
account for cyanosis during tiic attack of asthma. 

Case 2. — Patient, R. J., a colored man, aged 30, liad emphysema, bronchitis 
and asthma during four years before entering J^akesidc Hospital. During 
July, 1913, R. J. had twelve attacks of asthma v/hich were relieved by sub- 
cutaneous injections of cpincplirin. During August the attacks continued much 
the same, 

August 29, specimens were taken when the patient was breathing very 
comfortably, although he had an asthmatic attack the previous night* Four 
specimens of alveolar air were taken and gave a carbon dioxid content of 
6.6 per cent. 6.5 per cent., 6.9 per cent, and 6.3 per cent. The respiratory rate 
was 16 per minute; minute volume was 9.180 liters. 

^ Aug. 30, 1913, R. J. had a severe attack of asthma with intense air hunger. 
During the asthma the alveolar air gave tlic following result in carbon dioxid : 
7.1 per cent., 7,9 per cent., 7.6 per cent. The respiratory rate was 25,6 per 
minute; minute volume was 9,570 liters. 

This attack began at 7 p. m. At 7:29 p. m., 15 minims of epinephrin were 
given subcutaneously. Air hunger ceased ver^* suddenly at 7:34 p. m. Alveolar 
air specimens, taken directly' after asthmatic breathing ceased, had the fol- 
lowing content of carbon dioxid : 6.1 per cent., 5.7 per cent, and 6.2 per cent. 
The respiratory rate was 21 per minute. The minute volume was 9.6 liters. 

The notable fact in this observation is that during the asthmatic attack 
the minute volume was nearly as large as when the attack was over and the 
respiratory rate was increased only four per minute during the attack. Dur- 
ing the asthmatic period there was cyanosis of the tongue. 

Sept. 4, 1913: Asthma severe, loud whistling rfiles during inspiration and 
expiration throughout tlic lungs. The sul)costal angle narrows during inspira- 
tion. Three alveolar air specimens had a carbon dioxid content of 5.7 per 
cent., 6.6 per cent, and 6.6 per cent. 

Two Zuntz specimens were taken during the attack of asthma with the 
following results: 1. Time, five minutes; respiratory rate, 24.2 per minute; 
minute volume, 6.610 liters. 2. Time, five minutes; respiratory rate, 22 per 
minute; minute volume, 6.58 liters. 

After the preceding specimens were taken, 20 minims of 1 : 1,000 epinephrin 
were given subcutancousl}^ and relief followed immediately. 

Two specimens of alveolar air were then taken and the}" contained 5 per 
cent, and 5.9 per cent, of carbon dioxid. 

A Zuntz specimen (taken directly after the attack) gave the following: 


Minute volume equals 7.772 liters 

Respiratory rate equals 23 per minute 

Carbon dioxid equals 1,54 per cent. 


The attack of September 4 was particularly severe and the paticnt^s suffer- 
ing was intense, but judging from the pulmonary ventilation and the carbon 
dioxid content of the alveolar air one is at a loss to account for the source 
of cyanosis, for during the attack the carbon dioxid content of the alveolar 
air was raised only 0.6 per cent, and the minute volume was diminished only 
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one liter. This increase of the carbon dioxid concentration with the lowered 
minute volume atid increased residual air, may account for great discomfort, 
but these factors do not account for cyanosis during the attack. 

Sept. 18, 1913, R. J. had an asthmatic attack of moderate severity. The 
lower lung filled the pleural sinuses and the subcostal angle narrowed during 
inspiration, but there was no cyanosis. 

During the attack two Zunta specimens were taken. 

1. Time, four minutes; minute volume, 9.790 liters; respiratory rate, 25 
per minute. 

2. Time, five minutes; minute volume, 9.870 liters; respiratory rate, 25.6 
per minute. 

Two specimens of alveolar air contained 5.96 per cent, and 5.65 per cent. 

Epincplirin given subcutaneously relieved this attack in less than one min- 
ute. The subcostal angle widened during inspiration. 

Two Zuntz specimens then taken gave the following results ; 

1. Time, three minutes; minute volume, 9,000 liters; rc.spiratory rale, 21.6 
per minute. 

2. Time, five minutes; minute volume, 8.790 liters; respiratory rate, 22 per 
minute. 

3. The three alveolar specimens gave the following in content of carbon 
dioxid: 5.22 per cent., 4.7*1 per cent, and 5.44 per cent. 

October 12, R. J. had a severe attack of asthma with cyanosis. 

Two Zuntz specimens were taken. Results were: 

1. Time, six minutes ; minute volume, 7.04 liters ; respiratory rate, 25.5 
per minute. 

2. Time, five minutes ; minute volume, 7.37 liters ; respiratory rate, 26.4 
per minute. 

Two alveolar air specimens gave content of carbon dioxid: 8 per cent, 
and 6.88 per cent. 

The specimens given above arc some of the most salisfacloiy we 
could procure from tlicsc patients. Although we do not believe the 
Zuntz method has proved to be satisfactory for accurate studies of the 
carbon dioxid content of expired air, the results arc valuable for com- 
paring asthmatic breathing with the breathing during interims of 
comfort. 

The results show that during asthmatic attacks the minute volume 
of air and respiratory rate may be little altered. The difference would 
be scarcely enough to cause discomfort in a normal person. It was also 
observed that the percentage of carbon dioxid in the alveolar air was 
not much increased, but the increase in percentage of carbon dioxid in 
the alveolar air was much greater than the difference in the minute 
volume would allow. 

Provided that the minute volume of air remained unaltered, there 
would be a rise in the carbon dioxid concentration of alveolar air 
because the re.sidual air is increased, and for this reason the same 
volume of ventilation would cause less reduction in the concentration 
of carbon dioxid in the alveolar air. We find, however, that the dilu- 
tion of residual air is not directly proportioned to the amount of air 
inhaled. 
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If we assume the residual air in the lungs of a normal person to be 
about 2 liters we arc justified in assuming that at the end of a forced 
expiration the residual air is constant in amount. In a large number of 
observations on a healthy man, G., it was found if a forced expiration 
was made and then followed by a maximum insjiiralion and a forced 
expiration, and the total expired air was measured, the total expiration 
did not vary more than 300 c.c. in any of the trials. 

If the maximum ventilation remains constant then we arc justificfl 
in assuming that the amount of alveolar air in the lungs and bronchial 
tree at the end of a maximum c.xpiralion will be the same or very 
nearly the same. 

We found in G. that the amount of carbon dioxid eliminated per 
minute when he was at rest varied between 415 and 430 c.c. (moist). 

While breathing tranquilly, seateil, G. made a forced expiration 
lasting one second. The alveolar air at the end of the expiration con- 
tained 6.06 per cent, carbon dio.xid. G. then inspired two seconds and 
then made a forced expiration lasting two seconds. 

The total expiration was captured and a sj)ccimen of the end 
alveolar air was taken at the same time. Briefly staled, the following 
results were obtained : 


Expiration, one second, alveolar air equals. 

Inspiration 

Expiration, two seconds, alveolar air cqnal-s 

Total alveolar air equals 

Dead space equals 

Total expiration equals 

Carbon dioxid content equals 


6.06 per cent, carbon dioxid 

two sccornls 

5.S0 per cent, carbon dioxid 

735 c.c. 

HO c.c. 

875 c.c. 

4.88 per cent. 


During the four seconds occupied in the inspiration and expiration 
27.8 c.c. of carbon dioxid were secreted. 

Assuming there was no carbon dio.xid secreted during the four 
seconds and also taking 2,000 c.c. for the residual alveolar air, at the 
end of the first expiration there must have been a minimum of (2,000 
-j- 140) c.c. times 6.06 per cent, of carbon dioxid in the alveolar air 
and dead spaces. 

At the end of the inspiration the alveolar air in the lung with its 
carbon dioxid dilution can then be expressed b)' 2,000 -- (875-140) .r. 

We then have the following formula ; 


2,140 X 6.06 per cent. = 2,735 X .r. 

Therefore .v or the concentration of carbon dioxid in the alveolar 
air would have been 4.74 per cent, had there been no excretion of 
carbon dioxid during the four second's interval. 

The carbon dioxid excreted during the interval of four seconds 
was 27.8 c.c. which is 1.01 per cent, of the amount of air in the alveolae 
at the end of inspiration. This amount was 2,735 c.c. 
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If this he added to the supposed percentage of 4.74 per cent, wc 
have 5.75 per cent., whicli is within 0.05 per cent, of the result obtained, 
iiarncl}*, 5.80 per cent. This result was obtained with an in.spiration of 
875 c.c. What is the dilution when larger amounts arc inspired? 

G. expired one second, alveolar air — 6.23 per cent, carbon dioxid ; 
inspired three seconds, tlien expired two seconds. Result : 

Total expired air equals 2,810 c.c. 

Carbon dioxid in expired air ctiuals 4A2 per cent. 

Alveolar air equals 5.09 per cent. COi 

Total alveolar air equals 2,274 c.c. 

Dead space equals 536 c.t:. 

W’e will not occupy space here to discuss the jiroblcm of the dead 
space, as that will be treated in a publication elsewhere. It will suffice 
for the present to say that the dead space is not enlarged, so wc will 
retain the dead space as IdO c.c, As.suniing the maximum excretion of 
35.8 c.c. of carbon dioxid to have been the amount excreted during the 
interim of five seconds, wc should have had a carbon dioxid content of 
3,61 per cent, instead of 5,09 per cent., as wc really found. The larger 
the inspiration in a normal lung the less effective (proportionately) the 
ventilation becomes; that is, the less effective (proportionately) is the 
carbon dioxid of the residual air diluted. 

Therefore, the same minute volume of ventilating air will be less 
effective in an empliysematous lung, not merely because there is a 
larger amount of residual air to be diluted, but also because the diffu- 
sion of carbon dioxid is less effective in an enlarged infundibular space. 

One supposes that in lung ventilation there is a sharp definition 
histologically and functionally between the dead-space air and the 
alveolar air which is in coutact with the rc.spiratory membrane. Wc 
would also suppose that the alveolar air (or air which is in contact 
with the respiratory membrane) being divided among several million 
chambers would have a uniform carbon dioxid content within a 
second’s time after a maximum inspiratory effort. This is, however, 
not the case as we believe we have shown in several ways. 

This diminishing effectiveness of ventilation in overdistended lungs 
is respon.sible for the apparent increase of the dead space in forced 
breathing while at rest and during exercise. It is a large factor in the 
limitations of endurance in physical exercise. It also is a large factor 
in the failure to reduce the carbon dioxid concentration of alveolar air 
in emphysema and asthma when the minute volume of air is mathe- 
matically adequate for the purpose. 

The increased amount of residual air and enlargement of the 
alveolar spaces and bronchiolar narrowing will account for most of the 
symptoms in asthma, but there is often an inconsistency between 
cyanosis and the carbon dioxid percentage of the alveolar air. 
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As wc have observed above, \vc can account for the increased 
carbon dioxid concentration in tlic alveolar air when there is little or 
no diminution in the minute volume of air, but there is another notable 
fact in asthma, namely, the very moderate increase in the percentage of 
carbon dioxid in the alveolar air when the patient is cyanotic. 

Patient 1, Mrs. L., had cyanosis of the lips, finger-nails and cars 
during her attacks of asthma when the carbon dioxid of the alveolar 
air was not above 6 per cent. 

R. J., the second patient, had on two occasions only a sufficiently 
high carbon dioxid content of his alveolar air to account for cyanosis. 
These days were August 30 and October 12, when the alveolar air had 
a carbon dioxid content of 7.6 per cent, and 8 per cent. These occa- 
sions are consistent enough. As we have found in cmjdiysematous 
patients without asthma, the alveolar air must attain at least 7 per cent, 
carbon dioxid before the patient becomes cyanotic. Asthmatic patients 
have cyanosis with a carbon dioxid content of their alveolar air, which 
is not high enough to cause cyanosis in emphysema uncomplicated with 
asthma. How can this diflcrence in the two conditions be explained ? 
We cannot account for the difference in cyanosis in the two conditions 
on the basis of ventilatory function. It seems there must be an addi- 
tional cause which requires an explanation. As was stated in the first 
pages of this discussion, we were unable to find an)' indications of an 
impairment in the minute volume of Ijlood through the pulmonary 
circulation, but may there not be an increased content of blood in the 
respiratory vessels which could impair the function of external respira- 
tion, so we would then have the additional factor of impaired respira- 
tory function added to the impaired ventilatory function ? 

The patient R. J. had an attack Aug. 30, 1913, which was attended 
with a distinct increase of carbon dioxid in the alveolar air. During the 
asthma the alveolar air carbon dioxid, in three specimens, was 7.1 per 
cent., 7.9 per cent, and 7.6 per cent. After epinephrin was given, three 
specimens contained 6.1 per cent., 5.7 per cent, and 6.2 per cent, of 
carbon dioxid. 

After the attack the minute volume measured only 100 c.c. more 
than during the attack of asthma with cyanosis. This diflcrence is of 
course negligible so far as ventilation of the lung is concerned. 
Increased residual air would not have been so large a factor because in 
this attack the evidences of bronchiolar stenosis were limited to the 
right lower lobe and the left upper lobe. 

Bedside notes made at the time, describe the lower right lung 
border at the eighth, tenth and twelfth ribs, in the midclavicular, axil- 
lary and subcostal lines of the right side, and at symmetrical points on 
. the left side, the lower lung border was at the sixth, eighth and tenth 
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ribs. The right costal border was drawn toward the median line during 
inspiration and the left costal border was drawn away from the median 
line during inspiration. The disparity in movement of the lower por- 
tions of the two lungs was so great that the notes describe the excur- 
sion of the thorax as presenting the appearance of inspiratory torsion 
of the lower thoracic regions. During the asthmatic attack the patient 
coughed up a lot of foamy blood-stained sputum. There were no 
signs of stasis in the heart, veins or liver, and tlic attack was completely 
relieved by a subcutaneous injection of 15 minims of 1:1,000 cpi- 
nephrin. 

It was this experience winch first gave rise to the su.«;picion that 
hyperemia of the pulmonary vessels was a factor in the cyanosis of 
asthma. 

Dec. 7, 1913, R. J. had another experience which was significant in 
this relation. He had an attack of asthma which seemed not unlike his 
former attacks. The signs of bronchiolar spasm were relieved by 
epinephrin, but he continued with his lamentations when the lung was 
no longer increased in volume sufficiently to cause inspiratoiy narrow- 
ing of the subcostal angle. There was no evidence of obstruction to 
inspiration. Expiration was much prolonged and the patient com- 
plained bitterl}' of great distress in the substcrnal region. In reply to 
our questions he said there was no pain, but he constantly complained 
of what he termed “a miseiy.” There were no fine whistling rfiles in 
the lungs, but there was an abundance of coarse mucous and sonorous 
rales during inspiration and expiration. 

The blood-pressure measured 175 systolic and 103 diastolic. Apo- 
morphin Y 20 grain was then given subcutaneously. This was followed 
directly by vomiting. The blood-pressure dropped to 123 systolic. 
The diastolic pressure could not be determined. The patient was per- 
fectly comfortable and in about ten minutes he was sound asleep. This 
relief came after his distress had lasted many hours and repeated injec- 
tions of morphin had failed to give any relief. Apomorphin was given 
on this occasion, not because it was believed there was any need of 
lowering the aortic pressure to relieve signs of incompetence of the left 
ventricle, but to procure the revulsant effect of dilatation of the 
splanchnic vessels. 

The pathological physiology in this whole play of symptoms is not 
clear, but the whole course of the trouble looked very much as though 
hyperemia of the pulmonary vessels was the cause of the distress after 
bronchiolar spasm ceased. 

In a former publication'* it was suggested that an enlargement of the 
dead space may be partly responsible for the ineffective ventilation of 

3. Hoover, C. F. : The Minute Volume and Alveolar Air in Pulmonary 
Emphysema, The Archives Int. Med., 1913, xi, 52. 
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emphysematous lungs, but since then our further studies ])rovc the dead 
space in emphysema is not enlarged. 'J'lic increase of residual air and 
hyperdistention of the infundibula are the two causes for the high 
carbon dioxid content of alveolar air in emj)hysematous patients, 
Keith"* (quoting Oppcl’s work) says, '‘If out of a rubber balloon a 
model of the terminal bronchiole and infundibulum and alveoli be made 
and inflated, it is the central or infundibular space which expands most, 
the alveoli implanted on its walls being widened, but at the .‘-ame lime 
rendered more shallow. 'J'hc point which one seeks to empha‘;izc is 
that it is not the alveoli but the infimdibula that should be regarded as 
the essential expansile parts of the lung. The larger and more plentiful 
the infundibula in a part of the lung, the more readily will that j^arl 
respond to any distending force.” This anatomical conception is quite 
consistent with the results of our studies in lung ventilation, but when 
we consider that an infundibulum h;is a di.ameler <if not more than 
1 mm., and that in hyperdistention the infundibtda of normal lungs 
cannot be enlarged more than 2 or 3 mm., it seems a.^toni.‘'hing that 
when 2 liters of air distributed in such small chambers are <liiuted with 
the addition of 3.5 liters, the diffusion of ga-'^es arc not uniform 
throughout the entire mass. 

Such is, however, a fact and our failure to recognixe this in the past 
has led to several false conceptions of ventilation of normal lungs and 
lungs affected with emphysema and asthma. 

When G., a normal man. breathed tranquilly into a rubber bag for 
five minutes at the rate of 15 respirations ])cr minute, the total expira- 
tion was 52,310 c.c. ; the minute volume was 10,462 c.c. ; each respira- 
tion was 697 c.c. 

Two specimens of air taken from the total expired air contained 
3.97 per cent, and 4.01 per cent, of carbon dioxid. 11 is alveolar air 
contained 6.0 per cent. 

Sam G., a patient who had severe emphysema without any signs of 
obstruction in his bronchial tree, breathed tranquilly at rest two 
minutes and breathed 45 times in the two minutes, the total expiration 
was 22,500 c.c.; the minute volume was 11,250 c.c.; each inspiration 
was 501 c.c. 

The minute volume or expired air contained 4.74 per cent, and 
4.61 per cent, carbon dioxid in two specimens. 

Two specimens of rhe alveolar air, taken during the collection of 
the expired air, contained 7.17 per cent, and 7.44 per cent, carbon 
dioxid. 

Sam G. had pronounced cyanosis, and although his minute volume 
of expired air was greater than that of G., Sam G. did not dilute the 

4. Keith: In Further Advances in Physiology, Leonard Hill, p. 186. 
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carbon dioxid of his alveolar air nearly so well as did G. The dead 
space, however, as measured on the basis of the difference in carbon 
dioxid concentration in the alveolar and total expired air, showed the 
dead space in the two men to be practically the same. The dead space 
in both measured between 150 and 165 c.c. The dead spaces in the 
two men were measured a great many times when they were breathing 
tranquilly and we never found the dead space enlarged in the emphy- 
sematous man, nor did we find the dead space enlarged in two other 
emphysematous patients whose minute volume air and alveolar air 
were examined many times. 

It was shown in a former publicatioir how an emphysematous 
patient was cjMnotic on one occasion when his minute volume of air 
and respiratory rate were the same as on a subsequent occasion when 
his emphysema and cyanosis and carbon dioxid concentration in the 
alveolar air had all diminished. In other words, the minute volume 
and respiratory rate remaining the same, when emj)hysema appears the 
patient will be c 3 "anotic and the alveolar air carbon dioxid ])crccntagc 
will be raised. It seems by exclusion and direct evidence we may say 
that the real difficulty of ventilation in emphysema and asthma lies in 
the distention of the infundibula, and this fails to allow an equal diffu- 
sion of carbon dioxid throughout the alveolar air. 
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EFFECT OF INTRAVJCNOUS AND INTRASIMNAL 
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Ki;\V VOI’.K 


With tlic dcmonslralion by No"Uchi‘ of Spirocharta palUiia in the 
central nervous system tissues, and with the successful use of salvar- 
san, paresis and locomotor ataxia have hecome less matters of purely 
neurological concern and more problems of infection, immunity and 
chemotherapy. Under this aspect the .syphilitic disturbances of the 
central nervous .system function have taken on a new interest alike 
for the student of immunit}-, the clinician and the psychologist. For 
it is now clear that the symptoms of central nervous .sy.stem syphilis, 
be they pain, ataxia, or ])sychic disturbance, depend, as is the case in 
acute poliomyelitis, on the location of the damaging lesions. 

The therapeutic problem, therefore, is fundamentally of a similar 
nature to that found in any infection in which the specific agent is 
sent to destroy the infecting organism. The agent and organism mu.st 
be brought into contact. The well-known impermeability of the choroid 
plexus to foreign substances renders the access of parentcrally given 
drugs to the brain and cord difficult; consequently, it is to he inferred 
that salvarsan, when it is introduced into the blood-stream, comes in 
very minute quantities, if at all, into contact with spirochetes, lying 
within the meninges or in the outer la 3 ^ers of the brain. It has been 
shown, however, that the choroid membranes can he rendered more 
passable by injury or inflammation. Furthermore, Flexner- has dem- 
onstrated that immune serum may he introduced most effectually in 
certain bacterial infections of the meninges. Purposing to bring the 
largest possible amount of salvarsan in contact with the brain and 
cord, numerous workers have employed each or both of the prin- 
ciples just mentioned. Sicard has argued most urgently that in the 
damaging effect of the spinal injections lies their real importance. To 
accomplish this end he has injected 5 c.c. of a 0.5 per cent, sodium 
chlorid solution intracortically through a small trephined opening in 
the skull. Twenty-four hours later he has given an intravenous injec- 
tion of salvarsan. RobertsoiP in Edinburgh v.'as perhaps the first to- 

♦Submitted for publication, July '7, 1914. 

1. Noguchi and Moore: Jour. Exper. Med., 1913, xvii, 232. 

2. Flexner and Jobling: An Analysis of Four Hundred Cases of Epidemic 
Meningitis Treated with the Antimeningitis Serum, Jour. Am. Med. Assn., 
1908, li, 269. 

3. Robertson : Edinburgh Med. Jour., 1913, x, 428. 
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use salvarsaiiated serum by intraspiiial injection, but his cases were 
not followed over a definite period of lime and the reports are not 
complete. 

During the past year a' considerable amount of work has been done 
by the French, especially Marinesco,* Levaditi,^ Marie," Jeansclme, 
Vernes, Bloch," Ravaut,® Sicard and Riley. These workers, as well 
as Wechselmann,^" in Germany, have given intraspinal injections of 
neosalvarsan in solution. Some have used as liigli as 10 or 12 mg. 
at a dose. None of the cases have been followed over a sufficient period 
of time, however, and the reports are very incomplete. In almost all 
of the cases there were serious symptoms of an undesirable nature, 
the most prominent of these being retention of urine. Many of the 
patients also had convulsive attacks following injection. Most of the 
work was done on patients suffering from general j^aresis. In general 
it may be said that the reports of all these oljservers are limited in 
detail and the results did not seem to warrant the rather severe symp- 
toms which man}' have reported. The scope of this ])ai)cr docs not 
permit a report of the work of the various authors but a full bibli- 
ography is given in the footnotes. By far the most careful work on 
the subject of treatment of syphilis of the central nervous system by 
intraspinal injection is that of Swift and Ellis.“ These authors report 
a series of twenty cases which have been followed for a year or more 
with improvement in symptoms and serological findings resulting from 
treatment. 

The present work may be considered as merely a continuation of 
their series, for, with certain minor modifications necessitated by cir- 
cumstances arising outside of institutional control, the technic and 
methods of management are those described by them. 

Twenty-five cases have been selected for presentation. Symptom- 
atically they have been arranged so that pain predominates at one end 
of the series and psychic disturbance at the other. Cytologically and 
serologically they cannot be classified profitably. These two factors 

4. Marinesco: Ztschr. f. diatet. u. physik. Thcrap., 1913, xvii, 194; 
Marinesco and Minea ; Bull, dc I'Acad. de mcd., 1914, l.xxvi, 259. 

5. Marie and Levaditi: Bull, et mem. Soc. d. Hop., 1913, xxix, 675. 

6. Levaditi, Marie and Martel: Soc. dc Biol., 1913, Ixxv, 567. 

7. Jeanselme, E., Vernes, A., and Bloch, M. : Du traitement dcs femmes 
syphilitiques enceintes par le salvarsan, Bull. et. mem. Soc. d. Hop., 1913, xxix, 
792. 

8. Ravault: Bull, et mem. Soc. d. Hop., 1913, xxix, 752. 

9. Sicard and Reilly: Bull. et. mem. Soc, d. Hop., 1913, xxix, 861. 

10, Wechselmann: Deutsch. med. Wchnsclir., 1912, xxxviii, 1446. 

11, Swift, Homer F., and Ellis, Arthur W. M, : The Treatment of Syphilitic 
Affections of the Central Nervous System with Especial Reference to the Use 
of Intraspinous Injections, The Archives Int. Med., 1913, xii, 331. 
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led to the expression of the analogy to poliomyelitis, namely, that it 
is not the nature of the infection so much as the location that deter- 
mines the symptoms in central nervous sypliilis. These t\vcnt3'-rivc 
patients were all treated intensively for active syphilis. All but one 
received combined intravenous and intraspinal injections. Mercury 
and potassium iodid were also used, but tlic chief reliance and inter- 
est were centered on the action of salvarsan, neosalvarsan and sal- 
varsanated scrum. 

Intravenously most of the j)atients were treated at weekK* inter- 
vals with doses of salvarsan varying from 0.3 to 0.6 gm., or ncosal- 
varsan in full doses. Salvarsan was the drug of choice and was 
changed for neosalvarsan only when liic patient had an anajdiylactic 
reaction. The usual technic in the preparation of doses was observed. 
Intraspinally most of the cases received 30 c.c. of 50 per cent., or 
from 20 to 25 c.c. of full-strength serum, sej)arated by centrifugahTa- 
tion from blood withdrawn forty minutes after the intravenous dose 
of salvarsan. The scrum was heated to 56 C. aiul was introduced 
intraspinally the same day. Lately several patients have been bled 
before the intravenous dose, and then salvarsan uj) to a milligram 
added in vitro to the scrum. This mi.xturc was heated to 37.5 C. 
for fort)' minutes, and then 56 C. for half an hour. No serious .‘symp- 
toms followed any of the injections. Some patients had increase of pain 
for a few hours following the injection. This, however, could usu- 
ally be controlled by phenacctin, caffein and codein. Occasionally 
niorphin was used. Once spinal fluid was removed bv puncture four- 
teen hours after treatment to relieve the i)ain. Recently, however, 
there has appeared in several cases a subjective feeling of numb- 
ness of the feet and legs, usually below the knee, but in some cases 
reaching to the hips and involving the perineum. Cutaneous sensa- 
tion is not impaired. The symptom has occurred with one excep- 
tion in patients who received scrum salvarsanatcd in vitro. It seems 
probable, however, that there is a definite association between treat- 
ment with this form of serum and the symptom of numbness. The 
patients have noticed no discomfort at the time of treatment and 
have first complained of the numb feeling after three or four injec- 
tions have been given. Not all patients who have received directly 
salvarsanized serum have shown the symptom, and none have had the 
bladder disturbance described by those who have injected salvarsan 
into the dural sac. In a recent publication Gcnnericld^ has noted 
symptoms not unlike those which have been described here in patients 
to whom he has given neosalvarsan intraspinally. 


12. Gennerich: Munchen, med. Wclinschr., 1914, Ixi, 823. 
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Another unsatisfactory event which is unassociatecl apparently 
with serum directly salvarsanized, but which has been seen in patients 
treated by both methods, is the sudden increase of ataxia following a 
period of definite improvement. If all treatment is stopped in these 
cases and rest with massage and increasing educational exercises is 
instituted the ataxia improves fairly rapidly. This phenomenon is 
especially striking in Case 96; for after the spinal fluid findings had 
returned to normal and the patient felt extremely well and encour- 
aged, there was a sudden onset of ataxia, worse than any he had pre- 
viously experienced. Case 76 behaved in a similar manner. 

The cases have been grouped according to symptoms and not 
according to their spinal fluid findings, because it was found that 
spinal fluid changes varied very greatly in all the groups, and no 
classification was possible. 

GROUP I : CASES WITH PAIX 

The first group of cases is composed of those individuals who 
complained of pain. Three of them had no ataxia; one had a very 
slight Romberg sign. Their pliysical signs were typical of the con- 
dition known as locomotor ataxia, as regards pupils, reflexes and 
sensory disturbances, with the exception of one woman whose knee- 
jerks were exaggerated. 

Case 49. — ^^V. A. F., man, aged 45; chancre twelve years ago; no .secondaries; 
very small amount of treatment; perfectly well until 1912 (two years ago); 
then numbness of great toe followed by slight unsteadiness, giving trouble in 
running or walking; shooting pains in the testicles; girdle sensation; shoot- 
ing pains in the legs. 

Physical Examinaiion. — Pupils a little sluggish; knee-jerks and Achilles 
jerks absent; Romberg sign present. 

Spinal Fluid. — Clear, pressure normal; 25 cells; globulin ±:, Wassermann 
negative throughout. Patient was given a series of intravenous injections of 
salvarsan, no intraspinous ; marked improvement. 

Case 17. — J. L., woman, aged 56 ; doubtful miscarriage ; two children ; no 
knowledge of infection; no secondaries; tremendous pain in arm and fingers; 
less in legs and toes. 

Physical Examination. — Pupils unequal, small, irregular, Argyll Robertson ; 
reflexes upper and lower all exaggerated; sensation, pain slightly diminished. 

Spinal Fluid. — Clear, pressure low; cells 37; globulin Wassermann 

+++ in 0.3 c.c. ; patient treated intensively by intravenous and intraspinal 
injection; at the end of four months pains much less. 

Spinal Fluid. — Clear; pressure low; cells 5; globulin-Wassermann ++ in 
0.5 c.c. 

Case 126. — Dr. L., aged 48. Suffering abdominal pain for the past two or 
three years ; occasional pains in legs. No knowledge of infection ; no secondaries. 

Physical Examination.— PnpWs small, equal; Argyll Robertson; knee-jerks 
and Achilles jerks absent; sensation, diminution of pain sense over the lower 
legs. 
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Spinal Clear, pressure increased; cells 52; globulin ; Wasserniann 

+++ in 0.1 c.c. ; hlood-scrum At the ciul of four rnontlis marked 

improvement in symptoms. No change in physical signs. Spinal fluid clear, 
pressure slightly increased; cells 0; globulin d-d-; W'assermnnn d- -f' it* 
0.5 c.c. Blood-serum negative; severe dermatitis; treatment susf)endcd. 

Cask 76. — J. P. L,. man. aged 32, chancre seven years ago; well treated; 
mercury; no secondaries; for the last five or .six years pains in legs; increasing 
ataxia. 

Physical Examination, — Pupils small, Argyll Robertson; rellexes, Icnee-jerks 
and Achilles jerks absent; sensation, scattered areas of loss of touch and pain; 
Romberg sign moderately marked. 

Spinal Fluid. — Clear, pressure normal; cells dO; globulin d- ; Wasserniann 
± in 0.3 C.C., d- + + ui 0.5 c.c. lUood serum d-^ d* d“. l*atient given 
intensive treatment for three months at which lime symptoms somewhat 
improved. 

Spinal Fluid. — Twenty-two cells; globulin ; Was'^ermann -}- d"k in 
0.5 c.c. Intraspinal treatment begun. Sjiinal fluid, after tJiree treatments, 5 
cells; globulin +; Wassermann -b in 0.5 c.c.; blood-serum d-d*; sttddcn increase 
of ataxia, 

GROUP II : CASKS WITH PAIN AND ATAXIA 

The second group of cases comjirises textdiook examples of 
locomotor ataxia, cases in which jiain, ataxia and pliysical signs arc 
well marked. 

Case 103. — S. H. P., man, aged 37; chancre (?) treatment (?). Patient bad 
great pain in legs and very marked ataxia. 

Physical Examination. — Pupils irregular; react slightly to light and accom- 
modation; kncc-jcrks and Achilles jerks absent; areas of analgesia about abdo- 
men, back and feet. 

Spinal Fluid. — Cells 110; globulin d“+; Wassermann + in 0,5 c.c. Patient 
received a scries of four injections of ncosalvarsan, followed ])y a long series 
of mercury for two months, at the end of which time spinal fluid had 7 cells; 
moderate globulin; Wassermann negative. He then received six more injec- 
tions of salvarsan, followed by another scries of mercury. He went away for 
the summer. Three months later spinal fluid showed 41 cells; globulin :±: ; 
Wassermann + in 0.5 c.c. He was treated again intravenously and given two 
intraspinal treatments. Tliesc caused very great pain and were discontinued. 
Patient given intravenous treatment five times, at the end of which time spinal 
fluid had 8 cells; globulin normal; Wassermann negative. No further treat- 
ment for two months. Puncture done again, showed 8 cells ; globulin :ir, 
Wassermann doubtful in 0.5 c.c. This case suggests verj' strongly that the 
intravenous treatment alone was insuflicicnt. 

Case 128. — O. T. S., man, aged 53. Chancre thirty years ago; mild second- 
aries; well treated with mercury; pains began ten years ago; has had one intra- 
muscular and three intravenous injections of salvarsan. 

Physical Examination. — Ptosis of left lid; pupils Argjdl Robertson; slight 
pallor of disk; knee-jerks and Achilles jerks absent; sensation disturbed. 

Spinal Fluid. — Faintly blood-tinged; pressure increased; 22 cells; globulin + ; 
Wassermann ++ in 0.3 c.c.; blood-serum + in 0.2 c.c. Duration of treatment 
five and one-half months; sixteen intravenous and six intraspinal injections; 
the latter always caused pain. Patient improved after the first three, then 
began to go down hill; became melancholic, considerably depleted; terminal 
bronchopneumonia. 
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Case 93. — J. S., aged 42, no chancre, no secondarie.s ; gonorrhea two or 
three times; three years ago numbness in the feet; six months ago trouble in 
walking; has improved since; has had two doses of salvarsan and mercury 
rubs. 

Physical Examination. — Pupils pin-point, do not react; knee-jerks absent; 
sensation disturbed, chiefly hyperesthesia; Romberg marked. 

Spinal Fluid. — Three hundred and scvcnt 3 '^-rivc cells ; globulin + ; Wasscr- 
mann H — I — h in 0.1 c.c. Patient had treatment for twelve months with some 
intermissions ; improved considerablj’. 

Spinal Fluid. — Pressure normal; cells 20; globulin -f- ; Wassermann + in 
0.5 c.c. Physical signs not changed ; pain following intraspinal treatment. 

Case 94. — T. W. S., man, aged 34. Chancre fifteen years ago, no treatment; 
pain, ataxia, loss of weight. 

Physical E.vamination. — Pupils Argyll Robertson, mid-wide, knee-jerks and 
ankle-jerks absent; sensation touch and pain gone over the feet and legs; 
marked ataxia. 

Spinal Fluid. — Clear, pressure low. cells 131. globulin -f- ; Wassermann -j-4- 
in 0.3 c.c. Patient under treatment for ten and a half months; nineteen intra- 
venous and three intraspinal injections. The latter always caused pain; once 
puncture had to be done fourteen hours after treatment to relieve pain. Verj' 
marked improvement; patient gained weight. Spinal fluid pressure normal; 
5 cells ; globulin ± ; Wassermann negative. 

Case 21 . — D M. D., man, aged 54. Chancre twent 3 '-nine years ago ; slight 
secondaries ; disappeared rapidly ; well ever since ; five years ago pains ; marked 
ataxia; morphinism. 

Physical Examination. — Pupils small; Argyll Robertson present; knee-jerks 
and Achilles jerks absent; sensation, pain lost below level of nipples; marked 
Romberg sign. 

Spinal Fluid. — Clear, pressure increased; cells 62; globulin Wasser- 

mann negative. Patient given six injections of salvarsan, one intraspinal. 
Spinal fluid : cells 21 ; globulin -f + ; Wassermann negative ; very severe pain 
following last treatment; took 4 grains of morphin during the night; has not 
reappeared. 

Case 89. — M. D., man, aged 46. Gonorrhea eighteen years ago; two months 
later rash; treated with inunctions for three weeks, since then nothing. Seven 
years ago began to have pains which have persisted ever since; ataxia. 

Physical Examination. — Pupils unequal, one Arg 3 'll Robertson, the other 
reacts slightly to light. Knee-jerks and Achilles jerks absent; also biceps and 
triceps. 

Spinal Fluid. — Clear, pressure low; cells 66; globulin +; Wassermann -k -f- 
in 0.3 c.c. Patient has been under treatment one and one-half months ; has had 
seven intravenous and four intraspinal injections; pain becoming less. Spinal 
fluid: cells 8; clear; pressure low; globulin -k ; Wassermann H — | — k in 0.5 c.c. 
Patient is a moderate morphinist. 

GROUP III: ATAXIA WITHOUT PAIN 

The third group is made up of those patients who have a simple 
ataxia and no pain. The physical signs of these cases were also 
almost typical. 

Case 95. — W. S. P., man, aged 47. Gonorrhea twenty-three years ago, no 
chancre, no secondaries; seven years ago had an ulcer on the leg, the result of 
injury, but it was said subsequently to be syphilitic. Four months ago patient 
fell and struck his head ; unconscious for four hours ; three weeks later noticed 
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weakness in legs, lack of coiUrol, no pain; recc'ntly slight circular pain about 
the waist ; slight emotional disturhance ; instability. 

Physical Exaiiiiitatiou ccpial ; react to light ; sensation, pharynx 
anesthetic, diminntion of touch and pain over the arm and round right elbow, 
and over heart-shaped area over end of spine. 

S/'iital Eluid. — Clear, pressure not increased; cells 51; globulin -f- ; Wasser- 
mann + + in 0.5 c.c. Patient given several injections of mercury before sal- 
varsan was started; has been under treatment four and one-half months; six- 
teen intravenous injections, at the end of which time spinal fluid had 5 cells; 
globulin ± to -f ; Wassermanu in 0.5 c.c. Since then he has been given 
two intraspinal injections. Spinal fluid clear; pressure normal; cells 10; 
globulin — ; Wassermanu + to 4- in 0.5 c.c. Ibitient is very much steadier, 
is able to work all day and feels a great deal better. 

Casi: 96. — W’. A. F., man, aged, .'16. Father died of paresis. Seven years 
ago soft chancre; no treatment; no secondaries; two years ago became talk- 
ative; since then notliing; past two or tliree months unsteadiness in walking. 

Physical E.xuuninatioa. — Pupils equal, regular. Argyll Robertson; knee-jerks 
and Achilles jerks absent; sensation normal. Komljerg sign; very slight gen- 
eral trcmulousncss ; seems to be very slightly dull mentally. 

Spiual Eluid. — Clear; pressure slightly increased; cells 13.i; Wasserinann 
4 — 1 — h in 0.3 c.c. ; blood-serum 4-4'4-. Patient started with mercury; then 
given ten intravenous and five intraspinal injections. Patient remarkably 
improved; mental dulness disaiipearcd ; ataxia still marked. Spinal fluid: clear; 
pressure normal; cells 6; globidin 4' 4* ; Wassermanu — in 0.5 c.c. 

Cask 124. — P. S. P., man, aged 36. Soft chancre eleven years ago, no second- 
aries; no treatment; ten months ago unsteadiness in feet, increasing; at present 
extreme ataxia, very little pain. 

Physical E.vamiuation. — Pupils .'\rgyll Robertson. Romberg marked. 

Spinal Eluid. — Clear, cells 11; pressure normal; globulin 4-; Wassermanu 
4 — h in 0.1 c.c. Patient has had si.x injections of salvar.san and four intrn- 
spinal treatments. No change yet in symptoms, e.xccpt perhaps increase in 
ataxia. 

Spinal Eluid. — Clear, cells 11; pressure normal; globulin -}- ; Wassermann 
•4-4 — k in 0.5 c.c. 

GROUP IV ; CASKS WITH OPTIC ATROPHY 

The fourth group consists of those most distressing cases of 
failing vision, due to optic atrophy. The strange thing about them 
is that, notwithstanding extreme changes iti spinal fluids and other 
evidences of syphilitic disease of the cctitral nervous system, the 
patients have been absolutely unconscious of anything amiss except 
increasing blindness. Some forms of syphilitic meningitis indeed seem 
to be compatible with years of comparative health. In cerebrospinal 
syphilis the spinal fluids with increased cells and heavy globulin content 
indicate inflammation of the meninges. Optic atrophy in these cases 
is due, according to StargardP^ to the pressure of exudates on the 
nerves. According to this view, then, the final state of vision fol- 
lowing treatment depends on whether or not pressure can be removed 
before nerve atrophy has set in. From the patients’ point of view these 


13. Stargardt: Arch. f. Psych, u. Nervenkr., 1913, li, 711. 
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THE ARCHIVES OF JKTERXAL MEDICIXE 


months ago eyes began to fail; liad had four injections of salvarsan; ten injec- 
tions of mercury; aside from failing vision patient feels well; somewhat 
unstcad}'. 

Physical Exaviiiiatiou. — Pui)ils wide, fixed, irregular, disks bluish white; 
oval; vessels small, thread-like; ])aticnt apjiarcntly absolutely blind, although 
he can distinguish light from dark; dilatation of aorta, double aortic murmur. 
Blood-pressure, 210; pulse 100 to IdO; reflexes, knee-jerks and Achilles jerks 
absent. 

Spinal Fluid. — Seventy-five cells; globulin -{- ; W'assermann in 0.1 c.c. 

Patient given si.x intravenous and seven intraspinal injections. Spinal fluid: 
then clear; pressure normal; cells 1.1; globulin rl; to -i* ; W’assermann in 
0.3 c.c. no change in vision or in any other physical .signs. 

GROUP V: C.NSK OF V.AGUS lKVOLVF..Mi:NT 

The fifth group comprises only one ease, which it was thought 
wise to class by itself because of the striking symptom-complex, 
depending on the involvement of a single bulbar nerve, the vagus. 
A startling picture of vagus hypertonia was found; this cleared up 
temporarily following atropin ])ara lysis of the nerve. It was ])cr- 
manently cured after combined intravenous and intraspinal treatment. 

Cash 22. — H. V. D., man, aged 40 years. .Severe cyclic vomiting, associated 
with slow pulse, sinus arhythmia, sweating and i)rostration ; chancre fourteen 
years ago; pill treatment; secondaries; stomach trouble in 1906; diplopia on 
two or three occasions. 

Physical E.raminatiou. — Pupils unequal, irregular, reaction to liglit stifT ; 
knee-jerks and Achilles jerks verj' active; sensation, scattered disturbance in 
toueh and pain sensation. 

Spinal Fluid. — Fifty-two cells ; globulin + -f ; W^'issermann + -j- in 0.3 c.c. 
Patient under treatment for nine months ; twenty-four intravenous and twelve 
intraspinal injections. Patient has been absolutely without .symptoms for the 
past three months. Spinal fluid : clear, pressure normal, cells 10, globulin -p, 
W^assermann ± in 0.5 c.c. 

GROUP VI : CASES WITH PSYCHIC DISTURBANCE 

The sixth and last group of cases contains instances of psychic 
disturbance. These varied from confusion, depression and irrita- 
bility, to expansive ideas, delusions and mania. These cases shotv 
remarkable improvement in symptoms, but very slight, if any, 
improvement in physical signs. There were two types of response 
in the spinal fluid: the first in which the fluid returned to normal 
very promptly; the second in which the cell-count came down slowly 
and the Wassermann rarely disappeared in 0.3 c. c. Clinically, how- 
ever, no matter what the spinal fluid showed, the cases improved 
promptly. 

Case 18. — ^L. M. K., man, aged 42. Chancre twenty years ago ; typical second- 
aries ; treated with mercury four or five years ; since then perfectly well ; three 
months ago general failure of health, loss of clieerfulness ; became nervous and 
depressed; no headache; no dizzy spells. 
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THE ARCHIVES OP JNTERKAL MEDICISE 


active; right absent; sensation, no (Hsiurbance made out; there is a distinct 
disturbance of equilibrium. 

Spinal fluid, — I'ivc cells ; globulin ± ; Wassermann -b + + in 0.5 c.c. 
Blood-scrum negative. Patient has been under treatment for nine months; 
thirty-six intravenous and eigliteen intraspinal injections. Me has improved 
markedly clinically hut still shows definite mental symptoms of the paretic type. 
He is able to write on the typewriter and walk; is learning to try and help 
himself. In this respect there has been a very marked change of personality. 
Spinal fluid shows 2 cells, clear, low pressure, globulin +, Wassermann 4* in 
0.5 c.c. ; blood-scrum negative. 

Case 112. — H. H. S., man, aged 3R. Patient has always been healthy; chancre 
twenty years ago; received local treatment hut no other; no secondaries. Appar- 
ently well until six months ago; began to walk crooked; no pain; since then 
very unsteady; mentally cloudy; very sullen in response; vague, tendency to 
wander. 

Physical Examination, — Pupils Argyll Robertson; longue. lips, tremulous; 
typical paretic speech ; moderate ataxia, writing typically paretic. 

Spinal fluid, — Globulin + ; W'assormann + 4- in 0.1 c.c, Patietu given several 
injections of mercury, followed by twenty intravenous and nine intraspinal 
injections of salvarsan. Patient's mental state cleared up very strikingly after 
the first intraspinal injection. From that time on he continued to improve; 
after a period of two months without treatment patient returned. Spiital fluid: 
clear, pressure increased 5 cells, Wassermann negative, globulin 4“. Blood- 
serum + to + 4^. Patient shows signs of relapse after interval of three months. 

Case 66. — ^J. C. H., man, aged 47. Chancre fourteen years ago; treated; 
no .symptoms; apparently well. Suddenly, fourteen months ago, patient began 
to be garrulous, talking loud; had delusions of exaltation; went into a state 
of violent insanity; this occurred on the golf links. 

Physical Examination, — Pupils small, unequal; fixed; fine tremor of tongue 
and facial muscles; no change in speech; knee-jerks absent; general physical 
condition good. 

Spinal fluid, — Clear, pressure increased; cells 70; globulin ±; \Vasscr- 
mann 4"+ in '0.1 c.c. Blood-serum ±. to 4-4-. Patient given twenty intra- 
venous and nine intraspinal injections. After the first two or three treatments 
patient became more excitable and violent; after that rapidly quieted down; 
in three months apparentl}" normal. Spinal fluid then showed normal pressure, 
clear, cells 5, globulin zt ; Wassermann negative throughout. Blood-scrum 
4 — 1 — b. Patient has remained well; back at work; he has been without mental 
symptoms for a year. 

Case 129. — R. F., man, aged 45. Chancre fifteen years ago; mercur}^ treat- 
ment; no secondaries except a few buccal patches; treated steadily until the 
present. Six years ago paralysis of the eye muscles ; two j'cars ago Wasser- 
mann 4-4-4-; one year ago nervous breakdown; depression, despair, nerv- 
ousness. Spinal fluid: 11 cells, Wassermann 4-4*4-; globulin 4-; two or three 
intravenous injections of neosalvarsan ; no intraspinal. 

Physical Examination, — Pupils equal, react to light but very little to accom- 
modation ; lips tremulous ; reflexes exaggerated to clonus ; fine tremor of hands ; 
no disturbed sensation; has apprehension, depression, suspiciousness, alternat- 
ing with excitability and restlessness. 

Spinal Fluid, — Twent 3 "-seven cells; fluid clear; pressure low; globulin 4 — b; 
Wassermann 4- in 0.1 c.c. Blood-serum 0.1 c.c. 4*. Under treatment two and 
one-half months with six intravenous and five intraspinal injections; has been 
given serum salvarsanated in vitro. After the first intravenous and intraspinal 
treatment for twelve hours became exalted and quite excitable, very cheerful. 
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THE ARCIIIJ’ES OF IKTERRAL MEDICI Ml 


be added. On the other hand, apparently any number of intras})inal 
injections may be given with impunity when .serum salvarsanized 
in vivo is used. 

In those cases whicli do well the rapid and satisfactory improve- 
ment may lead to a premature cessation of treatment. I'or the elabo- 
rateness of the procedure arouses an impulse on the part both of 
patient and physician to curtail the number of treatments. But with 
our present knowledge of the significance of syphilitic serological 
reactions, so long as the .spinal fluid or blood gives a jiositive Wasser- 
mann test, the case must be looked on as one potentially capable of 
relapse. Consequently, no matter how well the patient feels and 
seems to be, treatment must be continued unremittingly until the 
laboratory tests arc persistently negative. 

116 East Sixty-Third Street. 
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THE ARCHIVES OF INTERXAE MEDICIXE 


Witlioul lesions in other parts of the central nervous system, there is 
no double vision at any period. Only when some intracranial comjili- 
cation or oculomotor paralysis exists does double vision arise. 

Uhthofi* distinguishes two varieties of nystagmus: 1. Nystagmus 
(Bartels', Pcndclitysiaguitis) , a i)en(lulum movement of the eyes in both 
directions from the central ])oint of rest. 2. Nystagmus tv.dtching 
(Bartels’ Riicknyslagiints) when the movement is (piickcr in one direc- 
tion. English writers have generally applietl the term nystagmus to 
all oscillations of the eyes without distinction in regard to the variety 
of the movements. Occasionally the term nystagmus twitching or 
nystagmoid movement is used to distinguish the more irregular types. 

Various mechanisms for nystagmus have been postulated from time 
to time. Wundt postulated a center for the afferent impulses from the 
soft parts of the eyes in the cerebellum. As we have shown, however, 
typical labyrinthine nystagmus may be observed after complete removal 
of the cerebellum. Barany has located a nystagmus center in the 
angular g>'rus, and at some point above the oculomotor nuclei, possibly 
in the pons."' Marburg has postulated a nystagmus center in Dcitcr's 
nucleus, basing his conclusion on the fact that lesions of Deiter’s 
nucleus, when the rest of the encephalon is su])poscdly intact, give rise 
to nystagmus. 

Two general objections may be urged against the various hypotheses 
so far advanced. The first is that writers often assume that, if nystag- 
mus arises from a lesion of a particular region, that region is a center 
for nystagmus. A lesion of Dciter’s nuclcu.s, for example, is merely a 
lesion of one part of the central portion of the vestibular tract, and 
nystagmus would naturally arise from such a lesion, just as it docs 
from lesions of the membranous labyrinth of the car or from intra- 
cranial section of the vestibular nerve. The second objection is that 
little regard has been paid to the whole complex motor mechanism of 
the eyes, which cannot be described in terms of circumscribed isolated 
centers, but which must be described in terms of an integrative mech- 
anism or system. 

In the consideration of nystagmus after unilateral labyrinthine 
destruction we are met at the outset with two series of facts. First, 
nystagmus does not occur in many of the lower vertebrates, but in all 
of these vertebrate types with movable eyes so far examined, a devia- 
tion of the eyes does occur, and this deviation in the lower forms is 
permanent. Second, nystagmus does occur in the higher vertebrates, 
but neither nystagmus nor deviation is permanent. In considering, 

4. Uhthoff : Augenerkrankungen bei Erkrankung des Nervensystems, Graefc- 
Saemische Handbuch d. ges. Augenh., Section Riickenmark, Part 2, 1904, v, 3. 

5. Marburg: Neurolog. Centralbl., 1912, xxxi, 1366. 
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vestibular nerve in tlie anterior two-thirds of the pons and whatever 
crossing occurs is in the region of the nucleus of the sixth nerve. 

Having determined that in labyrinthine nystaginu.s we are dealing 
with a double movement in which the slow deviation can be definitely 
separated by experiment from the return movement, we now look for 
the source of the quick backward jerk, 'i'here arc several possibilities 
of its origin. 

\Vc may suppose that the quick backward jerk arises in response 
to impulses which tend to puli the eye back so that the visual images 
will fall on a particular retinal field (Wundt). Two series of facts 
militate against such an hypothesis. Xy.*^lagmus occurs in blind sub- 
jects when the lesion is in the retina or some part peripheral to the 
terminations of the optic nerve in the central system' when placed on 
the turning table, or when the cars are irrigated with hot or cold water. 
And, as we have shown," nystagmus quickly returns when one or both 
occipital lobes of the cerebrum are removed. Hitzig also noticed 
nystagmus in blind tabetics.^ 

A second possibility is that the abnormal deviation of the eyes sets 
up sensory impulses in the alTercnt endings of the eye muscles them- 
selves, which bring about a return, cither reflex or voluntary, of the 
eyes to the normal position. Nystagmus would then be a response to 
kinesthetic sensations. We consider this the more probable hypothesis, 
supported as it is by some observations we have made on third nerve 
paralysis. It is an hypothesis closely akin to that of Bartels. We have 
then to trace out the relation of this movement to the cerebrum or 
thalamus. Bartels’ observations on prematurely born children indicate 
that it involves a path which becomes mcdullated relatively late. 

In comparing the deviation of the eyes which occurs after cortical 
stimulation with the deviation of the eyes which results from laby- 
rinthine stimulation, it would appear that the relaxation of the antago- 
nistic muscles is not the same in the two cases. Thus from Sherring- 
ton’s® observations it would appear that in cortical stimulation the con- 
traction of a muscle is equal to and balanced by the relaxation of its 
antagonists. That this is not the case in stimulation of the labyrinth a 
consideration of Bartels’ diagrams® appear to show. Here the amount 
of relaxation in the antagonist falls behind the amount of contraction 
in the prime mover. As a result we believe that in the deviation of the 
eyes from labyrinthine stimulation a strain is put on the antagonistic 

7. Mulder; Arcli. f. Ophth., 187S, xxi, 68. 

8. We hope to show in a later paper that these objections are not so funda- 
mental as sometimes has been supposed. This may be inferred from what is 
stated in the second last paragraph of this paper. 

9. Sherrington: Integrative Action, p. 279; Proc. Royal Soc., London, 1913, 
Ixxxvi, 225 and 1893, p. 407. 
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eye-muscles, which strain does not arise in movement from cortical 
sources. This strain produces a feeling of unusual or uncomfortable 
position which, when the sensory and motor systems are intact, results 
in a return to a more comfortable position. The return of the eyes to 
the median position would on such a hypothesis, be of exactly the 
same nature as the return of a dog’s hind foot from an uncomfortable 
position when the sensory and motor systems are intact. 

We have attempted to locate a region where a lesion consistently 
affects or abolishes the quick component of nystagmus arising either 
as a result of destruction or stimulation of the labyrinth. We have 
pointed out in a previous paper that such a region does not exist in 
the cerebellum. As there shown, the removal of the lateral lobe or of 
the vermis or of the whole cerebellum may affect, but does not abolish, 
the nystagmus which follows labyrinthine destruction. Since these 
results were published, we have repeated in detail these experiments 
and with the same result. Accordingly, we feel justified in saying that 
neither the slow deviation nor the quick return has any necessary path- 
way nor any indispensable center in the cerebellum. 

We have previously pointed out that, in cats and dogs, complete 
decerebration, including the corpora striata and the thalamus, wholly 
abolishes the quick component after labyrinthine stimulation or 
removal, although the slow deviation of the eyes persists. We are 
unable to confirm Bauer and Leidler^® who report the occurrence of 
nystagmus after removal of all parts of the cerebrum as far down as 
the corpora quadrigemina. A number of new experiments substantiate 
our former conclusions. The quick movement in nystagmus arises 
from some mechanism above the corpora quadrigemina — a point in 
which we confirm Bartels’ view. The question becomes, then, whether 
the quick component of nystagmus arises from the thalamus or from 
the cerebrum. Anatomically, afferent tracts pass from the eye-muscles 
back to the oculomotor nuclei, and then, in all probability, through the 
thalamus where they are relayed, and then on up to the cerebral cortex. 
Efferent tracts arise in at least three different regions of the cerebral 
cortex and pass down to the oculomotor nuclei. It appears to us that 
the mechanism of nystagmus involves cortical cells and areas, and that 
any return of nystagmus after injury to a part of the cortical mechan- 
ism may be explained by supposing that the shorter, more primitive 
paths through the subcortical regions become passable for nervous 
impulses. 

In assuming that the mechanism of nystagmus involves thalamic 
paths and nuclei alone, we meet with certain difficulties in arriving at a 
satisfactory explanation. We must explain wh}'’, when every other part 


10. Bauer and Leidler: Arbeit, a. d, Wien. Neurol. Institut., 1911, xix, 155. 
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of the elTcrenl oculomotor path is open, as shown by the presence of 
the corneal reflex, and the slow deviation of the eyes in response to 
labyrinthine stimulation, the path involved in the prorlnction of the 
quick movement should be the only one to i)e blockcfl. 'J'hc explanation 
of shock docs not cxi)lain anything until we tell what shock is, A 
hypothetical principle of explanation which in the last four decades of 
investigation, has proved so confused and conflicting, as shock, ami 
which follows no laws so far discovered, and apparently, no discover- 
able laws, is not likely to lead us far as a constructive principle. Wc 
may point out that shock if present at all, follows the same general 
course with reference to nystagmus that it follows in the case of the 
skeletal muscles generally; that is, it is exerted on the afferent pathway, 
since, to all our tests, the elTerent path is so obviously o()en.’' 

Wc may assume, then, as a working hypothesis, that some cerebral 
mcebanism is involved in the production of the quick phase of nystag- 
mus, and it remains to trace out as far as possible the regions and 
tracts concerned. Tlicrc arc two possibilities: 1. Both cerebral hemis- 
pheres may be involved in the production of the quick phase of nystag- 
mus when the slow component is in a given direction. 2. Only one 
cerebral hemisphere may be involved. If only one is involved, what 
relation does it bear to the direction of the slow or labyrinthine phase? 
Experiment shows that the second possibility is more nearly the true 
one so far as the lateral movement is concerned. Space docs not permit 
the recital of the details of the experiments at this time, and a brief 
presentation must suffice. This conclusion is based on the following: 

1. The results of removal of one labyrinth and one cerebral hemis- 
phere, noting the presence or absence of nystagmus. 

2. The results of electrical, caloric and rotation’ tests in such 
animals. 

3. The results of electrical, caloric and rotation tests in animals in 
which both labyrinths are intact, but in which one cerebral hemisphere 
had been removed. 

As a general result, we may state that complete removal of the 
cerebral hemisphere on the side of the slow deviation abolishes all 
except a small rotatory component of the quick phase of nystagmus. 
Complete removal of the cerebral hemisphere of the side toward which 
the quick component is directed has but little effect on the quick move- 
ment. 

Rotation, electrical and caloric tests on such animals again show 
the dropping out of the quick phase of nystagmus when the slow devia- 
tion of the eyes is directed toward the side of the cerebral lesion, and 


11. Pike: Am. Jour. Physiol., 1909, xxiv, 124. 
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little or no effect when "the slow component is directed toward the 
uninjured side of the cerebrum. 

We may here note in passing that injury to the anterior corpus 
quadrigeminum of the side to which the slow deviation of the eyes is 
directed does not abolish the nystagmus, either in its slow or quick 
phase, but it does bring about a dissociation of the eye movements. 

These tests, when repeated on animals with both labyrinths intact, 
but with removal of one cerebral hemisphere, lead to the same con- 
clusion. 

We have attempted in cats, dogs and monkeys to find some region 
in a hemisphere where a lesion will modify or abolish the nystagmus 
which follows stimulation or destruction of the labyrinth. In the 
course of the experiments we have removed the various areas of the 
cortex, frontal, parietal, occipital and temporal, and have also at times 
destroyed the subcortical ganglionic masses. Having destroyed these 
areas, we have then stimulated one or both labyrinths with the elec- 
trical current, with hot and with cold water and by rotation. We have 
also in many of these cases destroyed one labyrinth either concomitantly 
with or subsequent to the cerebral lesion — a labyrinth cither on the 
side of or opposite to the cerebral lesion. We cannot at this time enter 
into the details of the results, which will be published in full later, but 
we desire to state here that the only region where we obtain consistent 
alteration of the labyrinthine stimulation, and that only so far as the 
quick component is concerned, is the region of, or adjacent to, the 
temporal lobe. In these cases we found that stimulation of the laby- 
rinth on the side opposite the cerebral lesion with cold water or with 
the anode gave typical labyrinthine nystagmus, lateral in character, 
while stimulation with hot water or the cathode gave deviation, but no 
lateral nystagmus. We also found that destruction of the labyrinth 
on the side of the cerebral lesion gave no nystagmus. There was 
further noted in some of our cases that the eye on the side of the lesion 
showed a rotatory movement around an anteroposterior axis, while 
this movement was wanting in the eye of the opposite side. 

To sum up, our idea of the mechanism of nystagmus is first, an 
agency somewhere which produces a deviation of the eyes from the 
primary position of equilibrium or the primary position of the line of 
fixation of Listing. In labyrinthine nystagmus, this agency lies in the 
labyrinth. The internal rectus muscle on the side of the slow devia- 
tion and the external rectus on the opposite side are subjected to a 
strain greater than usual. This strain, resulting in the stimulation of 
the sensory or afferent endings of the eye-muscles, sets up afferent 
impulses which are conveyed to the cerebrum over the afferent fibers 
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in the third, fourth and sixth cranial nerves.'* 'Jdiesc afTcrent impulses 
in their turn set up efferent impulses in the oculomotor cells of the 
cerebrum, ^Yhich result in a quick, jerky contraction of the internal 
rectus on the side of the slow deviation and of the external rectus of 
the opposite side, with relaxation of the antagonistic muscles. 'I'hc 
effect is a restoration of the eyes to the primary position, 'fhe eyes do 
not go beyond this median position when the cerebrum is intact, since 
the afferent impulses to contraction of the external and internal rectus 
muscles concerned cease when the eyes reach this position of equili- 
brium. 

Lesions of the cerebral hemisphere on the side of the slow deviation 
of the eyes abolish or reduce the quick component, since it is from the 
hemisphere of this side that the efi'erent impulses concerned in the 
pulling of the eyes back to the median line arise, 

12. Tozer and SherriiiRlon : Receptor."; and AfTerents in Tiiird, I'oiirth and 
Sixth Cranial Nerves, Proc. Royal Soc., 1910, p. dSO. 
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Corrclntitip: the many researches, however, the iiinuence of pan- 
creatic opotherapy on carbohydrate metabolism has, at least in sonic of 
its aspects, been rather minutely investigated. In contrast, there arc 
in tlic literature only casual references to the innuence of organo- 
therapy on the formation and excretion of hetone bodies, and it has 
been the intent of the present work to investigate this relation more 
precisely. 

As it is particularly in the complex field of diabetes that progress 
has been so hampered and retarded by preconceived theories, it seemed 
best to attack each segment of the problem unprejudiced by any gen- 
eral, hypothetical concepts. Hence, all unproved assumptions as to 
an internal jiancreatic secretion, its nature, or even its existence have 
been insistently avoided. Also a neutral ground as to the importance 
of the ketone bodies for the clinical picture of diabetes has been 
assumed. There is at present no certainty as to whether “acidosis” is a 
complication of diabetes, or an integral part of the der.-inged function- 
ing, as to whether the ketones are the cause of coma diabclicum or 
merely harmless by-products of the essential vicious metabolism. 
.Accordingly, in the introductory bibliograjdiic interpretation given 
below I have sought to eliminate all unproved dogmas, ami to keep 
within the bounds of objective data. 

II. HISTORICAL AXD CRITICAL 

Any investigation of the influence of pancreatic organothera)>y on 
ketogenesis must obviously take into account, at every step, the allied 
problem of the effect of such opotherapy on glycosuria and on the 
general constitutional condition ; this because of the close relationship 
subsisting between carbohydrate metabolism and “acidosis.” I .shall 
accordingly, in conformity with the following schema, briefly review 
the past work along each of these lines : 

1. Effect of pancreatic opotherapy on glycosuria and the general 
condition. 

(a) Feeding. 

(/;) Injections. 

(c) Transfusions and parabioses. 

{d') Grafts and transplants. 

2. Effect on ketoplasia and ketogenesis. 

EFFECT OF PANCREATIC OPOTHERAPY ON GLYCOSURIA AND THE GENERAL 

CONDITION 

(a) Feeding of Gland and Its Extracts and Ferments 

When dogs suffering from chronic, pancreatic diabetes are fed with 
raw pancreas, the glycosuria increases three- or four-fold ; cooked 
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improvement of the diabetes, but are actually very toxic and uniformly 
increase glycosuria. Extracts inactivated by heat give negative 
results.^'* 

Snhcutaucoiis injections of pancreas may cause marked drops of 
glycosuria in human diabetes, and in the pancreatic diabele.s of dogs,^** 
Certain pancreatic extracts given subcutaneously cause diminished 
glycosuria in the cpinephrin — and phloridx.in — diabetes of animals.-^ 
But such reductions of glycosuria arc always associated with general, 
constitutional depression or with decreased renal permcabiUty,*^ the 
latter accompanied by increase of blood-sugar.** There is also abun- 
dant evidence that diabetes is not ameliorated in any of its aspects. 
Thus, subcutaneous injections of extracts give lugative results in 
human diabetes.*^ In dcpancrcatized dogs they uivc similarly negative 
results,"^ and even cause a toxic increase of glycosuria.-' Lcschkc’* 
verified this for guinca-])igs and depanercatized frogs. Indeed, sub- 
cutaneous injections of extracts of almost any organ cause toxic cITccts 
and a glycosuria (liver, spleen, heart, kidneys, pancreas, skeletal 
muscle*'’’). 

Iniravawus injections also give therapeutically disappointing 
results. Thus, Williamsord* observed no influence over human diabetes, 
and Hedon,** working on diabetic dogs, observed no improvement, 
while his tables actually show a glycosuric effect. Zuelzer*" adminis- 
tered his '‘hormone” of dog pancreas intravenously to depaticreatized 
dogs and human diabetics. The resulting temporary decreases in 
glycosuria and ketonuria arc admittedly secondary to the marked con- 
stitutional (toxic) depression.-" Alcoholic extracts administered intra- 
venously give negative results; aqueous extracts cause transient lower- 
ing of glycosuria and dextrose-nitrogen ratio, but this is interpreted as 
a toxic depressor action rather than as specific regulatory."" 

It seemed at first that extracorporeal perfusions, while not strictly 
opotherapeutic, might throw light on the problem. Thus, the addition 
of pancreatic extracts to blood perfused through the beating heart 
caused a marked disappearance of dextrose, which was thought to be 
due to the “pancreatic hormone. This view is now abandoned."" 
The sugar disappears not through oxidation, but by polymerization."" 
Other fallacies are also inherent in the perfusion methods as applied 
to pancreatic opotherapy."* Thus slight changes in reaction affect the 
storing of glycogen also slight changes in the concentration of K-ions 
influence the disappearance of sugar from the blood."" 'V\Tien pan- 
creatic extracts are added to the blood perfused through isolated sur- 
viving livers, there does not appear to result any increased deposit of 
glycogen or any diminished glucose production."'' 
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dextrose, but Hedon’s last expcrinicnts make it proI)al)lc that the 
toxic cflcct on renal permeability is dne to the foreign scrums. 

When the more fundamental criterion of respiratory cpiotient is 
invoked, it is found that the transfusion of large amounts of fresh, 
defibrinatcd blood, or whole blond, from normal to diabetic dog gives 
rise to no change in the respiratory ciuoiient, and ]ircsumahly no 
increase in the oxidative capacity of the organistn. Crossed circula- 
tions are also negative in the same sense.”'' A similar toxicity of trans- 
fusions for the human diabetic is strikijiglv sliown bv the ease of 
Raulston and Woodyatt,'* who directly transfused blood from a nor- 
mal man to his diabetic brother. The <lict and metabolic data had been 
carefully controlled for months. The result was a marked (latel 
increase in dextrosuria. and in ketonuria. 'J'herc was no evidence of 
improved carbohydrate utilization, and the authors believe blood trans- 
fusions to be definitely contra-indicated in severe diabetes. 

With refcrcjicc to the use of lymph Ihedl, after reviewing the 
literature,'- concludes on the basis of original experiments that intra- 
venous and subcutaneous injections tcnrl to lower the dextrose-nitrogen 
ratio. 

(d) Grafts and Traus plants 

The extirpation of all the pancreas cxccj)l a small lobe of the 
processus uncinatus, with subcutaneous implantation of the latter,”^ its 
vascular pedicle being preserved, is generally referred to ns a “trans- 
plantation, but is rather an incomplete pancreatectomy with dis- 
location of the remaining fragment. Rarely such a lobe lives and 
functionates after cutting of the vascular pedicle, through establish- 
ment of secondary vascularization from the local tissues.'”' This 
amounts to an autotransplant, but is equivalent, from the point of 
view of organotherapy, merely to any incomplete pancreatectomy. 

Many attempts at heterotransjdantation and homotransplantation ■ 
have failed.'’® Carrel,®' in his latest address, shows on general grounds 
that nnfotransplants of organs are often viable, //o;»otransplants or 
/ic/crotransplants practically never. 

Autotransplants of part of the pancreas into the spleen, the rest of 
the pancreas being extirpated, have succeeded, as shown by their ability 
to prevent the total diabetes. These have been frcc'’^ or pedicled with 
subsequent severing of the vascular stalk.®® The undoubtedly success- 
ful functioning of such autotransplants without pedicle teaches us no 
more than Lombroso’s original experiment. 

These procedures seem directly comparable with the extirpation of 
the hypophysis and immediate reimplantation into the cerebral cortex, 
with prolongation of life and viability of the graft for over a month. 
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In this case, too, the glandular deficiency is established; otherwise the 
autotransplant will probably not take.^" 

Forschbach^^^' united dogs parabiotically, bringing peritoneal cavities 
and homologous layers of the parietes into continuity. There was no 
vascular continuity, and hence this procedure is the equivalent, not of 
transfusion or of crossed circulation, but of transplantation. On extir- 
pation of the pancreas of one, the- ensuing glycosuria was slight and 
developed late. The normal dog developed a (toxic) glycosuria. The 
wounds healed well and no diabetic cachexia developed. When the 
animals were separated, the depancreatized dog soon died of infection 
or cachexia. 

If the pancreas of a pregnant dog near term be removed no glyco- 
suria develops ; after delivery it becomes intense at once.'’" Are these 
last two observations to be explained on the basis of internal secretion 
or of toxic effects on renal activity? 

Su nun ary 

To summarize with reference to the efl'ect on glycosuria, the general 
constitutional condition, and the carbohydrate oxidative power of the 
organism : 

1. Feeding of fresh pancreas has usually been observed, both clin- 
ically and experimentally, cither to have no effect on, or else actually 
to increase the glycosuria. This action is hardly specific for pancreas, 
being induced by many raw tissues. It is doubtful whether carbo- 
hydrate tolerance has ever been increased. Good effects as to increased 
absorption of fats and proteins and improvement of nutrition must 
be conceded. Unfortunately, glyeosuria has been made, in all feeding 
experiments, almost the sole criterion of the influence on carbohydrato 
utilization. 

2. When, after injections of extracts and emulsions, lessened gly- 
cosuria occurs, it is referable to general systemic depression or to 
decreased renal permeability. Intraperitoneal injections are abso- 
lutely fallacious, because of the renal reflex. Under many conditions 
there is even a markedly increased toxic glycosuria. Adjudged by the 
most reliable eriterion (respiratory quotient) the effects on carbohy- 
drate intermediate metabolism are nil. 

Injections of enzymes (diastases) also cause a toxic increase of 
gtycosuria, but sometimes a temporary decrease of glycosuria asso- 
ciated with systemic depression. 

3. Transfusions and crossed circulations always have a toxic action. 
Sometimes the glycosuria is temporarily reduced, in which case there 
are either associated symptoms of general depression, or else evidence 
of reduced renal function (albuminuria, oliguria, later compensatory 
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rise of glycosuria). Sometimes there is a toxic increase of glycosuria, 
■of ketonuria, and of toxic ])ro(lucts of protein catabolism. Hyper- 
glycemia is not decreased. There is no rise in the respiratory cjuotient. 
The reaction is bad in every sense as to the general systemic effect. 

d. d'he successful (auto-) transplants show merely what wn*: 
known from I..omhroso’s original experiment, namely, that if a living, 
functioning fragment of the animars own pancreas of sufficient size 
be present in the blood circuit, diabetic symptoms will be inhibited. 

The parabioses (I'orschbach) and the pregnancy experiments 
(Carlson) seem to be the equivalents, from the opotherapcutic point 
of view, of //o/nolransplants. In each case there was established a 
pancreatic insufficiency of one animal, and an attempt to remedy this 
by su])plying the products of the pancreas of another individual of 
the same species. It is noteworthy that in only these two of many 
researches was an opportunity afforded, by virtue of the absence of 
vascular continuity,''^ for intimate interchange (parallel to osmosis of 
crystalloids), without an actual mixing of foreign bloods or scrums. 
And in these two researches we possibly have some evidence of the 
influence of a pancreatic hormone over the fundamental causative 
processes of diabetes. In Forschbach's c.xperimcnts the reparative 
functions of the diabetic animal were good, which is much more sig- 
nificant than any reduction of glycosuria, Fven here there is the 
possibility of a toxic reduction of glycosuria. 

Factors Influencing the Degree of Glycosuria 

It is evident that the degree of glycosuria observed in any given 
opotherapcutic experiment is a resultant of several opposing factors, 
some tending to increase, others to decrease it, and probably none to 
be interpreted as really therapeutic in the sense of exerting any cura- 
tive influence on the underlying metabolic error of diabetes. Some arc 
more in evidence on parenteral, others on enteral administration. It is 
possible to designate roughly some of these factors : 

A. Lessening glycosuria. 

(a) Toxic decrease of renal permeability.®'* 

(Jj) Decrease of glycosuria associated with general constitutional 
depression (as obviously in Zuelzer’s hormone work), comparable to 
the decrease of glycosuria and ketonuria observed in moribund dia- 
betics. 

(c) It has been definitely shown that acidity or alkalinity of the 
extract per se may exert a marked cfifcct on glycosuria and on glycemia, 
through its influence on the state of hepatic glycogen. Administration 
of even dilute acids mobilizes hepatic glycogen, alkalies exerting the 
reverse effect.®® 
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B. Increasing glycosuria. 

(a) The opinion has very generally been held that the increased 
glycosuria observed on feeding of pancreas may be due to bettered 
absorption, especially of carbohydrates.®^ That other factors are at 
work is shown by the fact (Sandmeyer) that even after decrease of 
daily rations of diabetic dogs by 50 per cent., the glycosuria increases 
on pancreatic feeding from three to tenfold. 

{b’) There is certainly a toxic glycosuria, or perhaps several types. 
And it is sometimes, if not always, accompanied by hyperglycemia. 
Even the increased glycosuria of pancreatic feeding has been inter- 
preted by some as toxic, rather than due to increased absorption,®^ 
Reach having proved that it is not due to better digestion or assimila- 
tion. The toxic split products of proteins are held to be the responsible 
agents, and this seems probable, inasmuch as the feeding of various 
amino-acids to diabetic dogs (both depan creatizcd and phloridzinized) 
and human diabetics results in a toxic increase of glycosuria.®® The 
increased glycosuria of parenteral opotherapy is almost certainly toxic. 
Leschkc^"* believes enzymes (for instance, trypsin) to be the agent, but 
hints at the possibility of non-catalytic (chemical) toxins.®® It is pos- 
sible tliat the glycosuria and the toxic (or lethal) phenomena have dif- 
ferent agents. 

As to the point of attack of such a glycogenic toxin, one can at 
present only speculate as to whether the action is through increased 
hepatic glycogenolysis (mobilization of glycogen), toxic lowering of 
the general tissue oxidative capacity, increased renal permeability, or 
some other mechanism. 

After repeated large injections of gland extracts (pancreas, thyroid, 
liver, kidneys, etc.), there develop no micropathologic changes specific . 
for the various extracts, but in all cases, parenchymatous degenerative 
hepatitis and nephritis with perivascular infiltrations, hyperplastic fol- 
licular splenitis and hyperplasia of lymph-nodes. 

(c') Finally, as a possible explanation of increased glycosuria, 
Cohnheim and Kleinf note that the foods causing the greatest flow of 
pancreatic juice (raW meats) are the ones causing glycosuria. They 
suggest that the internal and external pancreatic secretions are likely 
to vary inversely as to their potency, and that hence the increase in 
external secretion will be correlated with a decrease in internal secre- 
tion, even to the point of producing glycosuria. Of course, this is 
speculative. 

Historically it will be noted that really positive results of opo- 
therapy have receded as the criteria have become more exacting. 
Attention was earlier focused on the glycosuria, and to a lesser extent 


f. Cohnheim and Klee : Ztschr. f. physiol. Chem., 1912, Ixxviii, 464. 
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on the general clinical condition. Of late more .stress is being given 
to the true indices of carbobydrate oxidative power, and in the near 
future even heavier demands will be made on any attempt to establish 
the claims of an opolhcrai)y, in conformity with the growing tendency 
to discard the assumjUion that the disturbances of carbohydrate inter- 
mediary metabolism constitute the sole essence of the entity diabetes,'’ 

i.vn.riixrK oi' rANu ac.vric oi*oTni;a.\i*v o.v K!:Tota:.M;sis 

Only a few isolated and conflicting observations are recorded in 
the literature. .Salomon*-' observed an increase of acetonuria after the 
use of ixinkreon in a ca<e of pancreatic dirdieles. 

Sandmeyer'-’’ observed in his chronic diabetic dogs that the feeding 
of razi< i)ancreas caused incre.ase of glycosuria ( see :d)ove)with apiiear- 
ance of acetone and diacelic acid, 'i'he latter was noted twice,** and 
oiily on administnition of raw pancreas. X<i fjuantitali\-e determina- 
tions were made. 

Zuelzer.-*’ using the hormone referred to abn\e, in flepancreatini'/.cd 
dogs aiul moderately severe human diabetes, observed lessened “acifl- 
osis," as iuflicated by the color intensity of (unditalive tests of urine. 
But Forschbach*'' invalidates these conclusions just as he had their 
deductions as to decreased glycosuria (see above), on the groimd of 
the general toxic depression. Moreover, he observed no dt'crcasc of 
ketonuria, even with the marked constituii(jnal reaction. 

Moscnthal,*''’ in a single case of human diabetes, j)robably of pan- 
creatic type (displaying deficient fat and protein .absorjition, with large 
fatty stools and undigested meat libers), found that on a regimen of 
raw sheep pancreas feeding, the urinary ammonia was greatly 
increased, for example, from about 2.2 gm. on ordinary diet to about 
5.2 gm. after exhibition of pancreas, this rise being associated with a 
corresponding increase in ketonuria, the bcta-oxybutyric acid rising 
from 2.2 gm. to 32.1 gm. Moscntbal’s observations were clinical, and 
in a particularly severe case,*' it became necessary, on considerations 
of safety, to interfere with the experiment in such ways as to detract 
from the clear-cutness of the interpretation. Thus, the use of opo- 
therapy had to be freciucnlly interrupted; alkalies were administered 
from time to time ; also there is some ambiguity as to the amounts of 
fat fed, and the influence of other food elements. This is not men- 
tioned in a spirit of criticism, as the duty to the patient obviously had 
to take precedence of the research. The great interest in Mosenthal’s 
report lies in the fact that the feeding of raw pancreas gave rise to 
tremendous ketonuria in a case of undoubted “pancreatic diabetes.” 
Under the opotherapy there was, except for the (at times alarming) 
increase of ketogenesis, a marked general improvement, and certainly 
increased utilization of fats; thus “the stools changed from those 
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typical of pancreatic disease to what appeared to be normal move- 
ments.” He concludes that the increased ketogenesis is due to 
increased intestinal absorption of fats. He evidently believes (follow- 
ing most authors) that dogs totally pancreatic-diabetic excrete no 
ketones, and explains this on the basis of non-absorption of fat. This 
question is examined below. 

Raulston and Woody att,^^ in their clinical research described above, 
noted, on direct transfusion of blood from normal to diabetic man, a 
marked increase of ketonuria. The total beta-hydroxybutyric acid 
increased from 190 gm. for the five days preceding, to 273 gm. for the 
five days following. Their metabolic work seems perfectly controlled 
as to diet and other factors. Dakin and Dudley'® perfused dogs’ liver 
with blood containing added substances, known from Embden’s experi- 
ments to yield aceto-acetic acid freely under these conditions, as 
tyrosin, the sodic salts of butyric and homogentisinic acid. To this 
perfusing blood were then added fresh extracts of pancreas, or heated 
pancreatic extract of skeletal-muscle extract, all prepared by grinding 
the fresh tissues in water. No decrease in hepatic ketogenesis resulted. 
Their conclusion is that they have found no evidence that the pancreas 
furnishes an enzyme or hormone, the absence of wliich leads to acidosis 
in the diabetic animal. 

III. METHODS 

A. CHOICE OF ANIMALS ; ACIDOSIS IN DOGS 

In undertaking a research on “acidosis” the selection of an animal 
is a matter of great importance. In general diabetic work, the dog has 
been, of course, at once the most available and most useful. But where 
any consideration of ketogenesis is concerned, one must raise the 
question as to whether a carnivore is suitable, the opinion being some- 
what widespread that there is some fundamental difference in the 
reaction of dogs and man to factors of ketone formation ; there has 
been a good deal of skepticism as to whether “acidosis” is of the same 
nature in dogs, or, indeed, even as to its occurrence. If such doubts 
be well grounded, much experimental work will have to be revised. 

Minkowski^® found that ketonuria does not ahvays follow total 
pancreatectomy in dogs, and hence interpreted ketonuria as a compli- 
cation of diabetes. Brugsch and Bamberg®® held that “acidosis” fur- 
nishes the essential difterence between canine and human diabetes, 
extreme acidosis never occurring in depancreatized dogs, which invari- 
ably die of inanition rather than in coma. They attach great impor- 
tance to this postulate, believing that a severe diabetes with pronounced 
acidosis is probably not a pancreatic diabetes. 

Allard®^ and Minkowski®^ opposed this view, proving that in dogs 
totally depancreatized, acidosis is not rare. Five of Minkowski’s dogs 
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excreted large amounts of ketone Ijodics. Allard cites three cases of 
marked acetone excretion (from 2 to 3 gm. total acetone in dogs of 
8 to 9 kg,), moderate amounts of acetone, diacetic and heta-oxybutyric 
acid being demonstrated in many depancreatizcfl dogs. Normal adult 
dogs on starvation show only traces, lloth Allard and Minkowski 
describe cases of probable death in coma. This ketonuria of dogs has 
been abundantly confirmed.’'^ It is constant after total pancreatec- 
tomy.*" 

Large amounts of diacetic acid arc formed in the surviving livers 
of dcpancrcatized dogs, perfused with blood.’"' 

On the basis of all these findings and of my own observations, I 
certainly disagree with Allen*"*’ in his conclusion that “totally flcpnn- 
creatized dogs are generally free from ketonuria.” I cati afilrm abso- 
lutely on the basis of my own experitnents that totally dcpancrcatizcd 
dogs aheays develop Icetonuria. 1 can, however, confirm .Allen’s state- 
ment that they often give no ferric chlorid reaction when excreting 
large amounts of acetone. However, I have at some time or other in 
every such dog always found aceto-acetic acid by certain of the tests.'** 

With regard to the factors influencing ketonuria in dog.s, it occurs 
in chronic diabetes (.Sandmeyer*^) as well as in the total type. It is 
also generally held that in dogs, ketonuria is not increased in starvation, 
but rather reduced ; also is not lessened by utiliaation of carbohydrates ; 
is augmented by e.xccssive meat feeding, and hence runs parallel to 
nitrogen excretion. 

These statements are in general true for adult dogs, but one should 
not conclude that dogs would hence be unsuitable for “acidosis” work. 
It is certain that in dogs, as in man, a lowered carbohydrate inter- 
mediate metabolism predisposes to acidosis. Marum’s’*'’ observation 
that in phloridzin diabetes of dogs acidosis occurs only after exhaus- 
tion of the glycogen stores proves this. While dextrose-feeding has 
but little influence on acidosis in the adult dog, starvation acidosis is 
readily induced in young ones.”” Glucose, injected intravenously, 
diminishes acetonuria in phloridzinized dogs,”^ Hunger acidosis is 
interpreted as a carbohydrate deficiency acidosis. Adult normal dogs 
may show traces of acetone in hunger.”” 

Ehrmann”” found young dogs, when undernourished, to be sus- 
ceptible to his chemical, ketogenetic factors. Pic also observed enor- 
mous preagonal (inanition) development of ketones in diabetic dogs. 
Gigon”'^ points out that allowance must be made for the fact that the 
carnivorous dog has accustomed itself to “metabolic tolerance” of 
carbohydrate withdrawal ; also that, in consideration of its body weight, 
total acetone value of from 0.2 to 0.3 gm, per diem are very high. 
Von Noorden”” takes the same view with reference to acquired toler- 
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1. Tlic complications attendant on tlicse methods — as constitu- 
tional disturbances, with chills, fever, etc. — all inevitably associated 
with depression of general metabolism, and hence easily giving rise to 
erroneous dednclions and conclusions. 

2. The possibility that parejiteral, and esj)ecially subcutaneous, 
administration may reproduce, more or less accurately, the toxic syn- 
drome of “acute pancreatic poisoning,” thus comi)licating the inlcr- 
])rctatlon by introilncing factors far removed from the physiologic 
norm, and hence not only having no rcl.ation to true opotherapy f which 
must seek to a[)proximate [)hysiologic conditions), i)nt even tending to 
obscure any such associated specific action.’"* Lattes*"' believes that 
aciivization and passage of the tryj)tic ferment into the idoofl are 
possibly responsible for these sudden metabolic deaths.*"* 

3. Perfusions of isolated organs were discarded on the basis of 
such conclusions as that of Ringer and I'’raenkci,’"^ wlio deplore the 
artificiality of this method an<l its departure from physiologic con- 
ditions. \'crzar and I'ejer too have given expression to very cogent 
reasons for mistrusting this method, at least where problems of gen- 
eral metabolism arc at stake. 'I'hc organism as a whole may comport 
itself quite differently from the isolated organ.*"" Pakin and Dudley*' 
also show that such researches as have been already conducted along 
this line with pancreatic extracts are of rloubtful interpretation. 

K. Gi:XFK.\I. i;xri:!U.MI'.NT.\L I’Kr.C.MCriONS 

1. All dogs were discarded in which any postoperative suppuration 
or infection persisted. Any such process may lower glycosuria, and 
also undoubtedly disturb other factors.*"* 

2. The dogs used were females ; not very large ; especially not deep 
chested ; not fat ; weight about 6 to 8 kg . ; adult, but not old ; free from 
disease, especially mange and distemper; best of all, animals immune 
to distemper through previous infection. In one series of nine I used 
a prophylactic vaccine furnished through the kindness of Dr. James 
W. Jobling and Dr. Carroll Bull, prepared by isolating the Bacillus 
bi'onclwsepticus (Ferry*"®) from the blood of several actively distem- 
pered dogs. Those animals which recovered from the effects of the 
powerful vaccine were apparently immune. All animals with gastro- 
intestinal disorders were rejected. 

3. Before the pancreatectomy the urine was examined at least two 
days for sugar, etc. 

4. Before the total pancreatectomy (or the second stage of the 
Hedon) the dog was brought into approximate nitrogen equilibrium 
(metabolic cages). 

I soon learned to avoid long preoperative confinement of animals 
to the cage, and, by the Hedon method, was able to feed the animals 
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even on the day of the second operation. Preliminary starvation 
(necessary for the old Witzel technic) interferes with metabolic work. 

F. CHEMICAL AND ANALYTICAL METHODS 

1. Presence and nature of reducing bodies by Haines or Fehling; 
polariscope ; fermentation ; phenylozazones. Quantitative sugar by 
Bang;^^” later by new Benedict/^® often controlled by polariscope. 

2. Ammonia nitrogen by Folin;^^^ ammonia nitrogen plus amino 
nitrogen by Malfatti.^^“ Total nitrogen by Kjeldahl. 

3. Aceto-acetic qualitative by ferric chlorid; also Hurtley’s tesP^^ 
and Ondrejovich.^^^ The ferric chlorid was almost invariably negative. 
Acetone qualitative by Langes’^^*^ di-nitroprussid. 

4. Quantitative “total acetone” by the Messinger-Huppert 
method also at times checked up by Neuberg’s modification of 
Messinger’s method; but the results tallied closely. I felt justified in 
using the easier “total acetone,” rather than the more difficult beta- 
oxybutryric acid determination, since Gigon^^" has shown the constant 
relationship which subsists, m a given individual, between excretion of 
acetone and of beta-oxybutyric acid. Embden and Schmitz' warning^^® 
to avoid drawing over ammonia or other bodies fixable by iodin was 
carefully heeded. 

5. Hepatic glycogen was onty twice determined, and only by the 
method of Pfliiger.^^^ This omission was justifiable because (a) the 
dextrose-nitrogen ratios indicated total diabetes; (b) after the fir.st 
ten or fifteen operations the extirpations were with certainty technically 
total; (c) even on the assumption that small fragments or accessory 
pancreases had escaped observation in a few animals, the general tenor 
of the results is dependent not at all on the presence of a total diabetes. 
The conclusions are valid for a severe or total diabetes. Several of the 
later experiments, indeed, as will be seen, purposely represent incom- 
plete extirpations, with no glycosuria on meat diet. 

In the two cases in which hepatic glycogen was determined, the 
figures showed a practically complete absence of all glycogen. In one 
(Protocol .5) a 186-gm. liver contained 0.12 per cent., or 0.22 gm. gly- 
cogen. In the other (Protocol 6) a 247-gm. liver contained 0.08 per 
cent, or 0.197 gm. glycogen. 

G. GLUCOSE THRESHOLD IN DOGS 

The dextrose threshold of normal dogs is variable, but in general 
runs from 3 gm. per kilogram weight (Hofmeister’s figures) up to 
from 11 to 16 gm. per kilogram weight (Pfliiger’s). Relation to other 
food taking is important, as when given alone the average tolerance is 
probably 4 or 5 gm. ; when given with other food, 10 gm. or over.^^® 
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IV. PROTOCOLS 

Aiiul! normal show no kclone-excrclion on pancreas feeding, 
or, indeed, on any dietetic regimen. This was verified on several nor- 
mal controls, observed carefully for many weeks. Thus the "total 
acetone" was determined on Dog 7 for a jieriod of one month. During 
this time there were administered two heavy feedings of pancreas, 
with no rise in the total acetone figure, the latter showing, throughout 
the month, the tisual variation of normal dogs, from 0.002 to 0.01 gm. 
per diem for animals of 5 to 12 kg. weight. Since immature and 
adolescent animals were not used in these experiments, only adult 
rotttrols were used. 

With regard to the elTects of storrafiou. adult dogs show no 
increase of “total acetone," even on prolonged starvation. Elias and 
Kolb’'- have already .shown that young normal dogs respond to starva- 
tion by Icctonuria. 

Adult, totallv fliabetic dogs show no appreciable efiect of .starvation 
on acidosis, until the starvation has been prolonged to the point of 
inanition, which means absolute starvation for at lea'^t five or six ilays. 
This is illustrated by Protocols 1 and 2. 


PROTOCOL 1 

. — Doc; 35 — I'oTAi. 

I'lxTni'ATjox, jv.vr. 

19. 

191.1 

Date 


Total .'\cctoiic 


Wciftlit 

June 

Food 

Kin. 


kg. 

18-19 

dOO j:m. beef 

.012 


15.4 

19-20 

None 

.0167 


. « • ♦ 

20-21 

None 

.O.t66 


• . » • 

21-22 

1 liter milk 

.078 


15.2 

PROTOCOL 2 

~>Dor. 31 .— Totai. 

F.xtuu’.stiox, M.si’.cn 

14, 

191.1 


Un.ahlc to rctiiiti .tiu' food .after p.aiicrc.atccfoiuy. Writer f.akcn in niodcmte 
amounts. 


DcHc 

Total .‘Icetone 

Weight 

March 

gm. 

kp. 

12-1.1 

.0021 

4.2 

1.1-14 

.0044 

. .. 

14-15 

.011.1 

. . . 

15-16 

.0521 

< .. 

16-17 

.064.1 

4.0 

17-18 

.0517 

18-19 

.06a8 

is 

19-20 

.0710 

20 death 

(inanition) 



Lutbje’*^ also incidentally shows’-- that there is very little starva- 
tion acidosis in adult, dcpancreatir.cd dogs. 

Protocols 1 and 2 serve to illustrate another general observation, 
namely, that after total pancreatectomy the total acetone figures okvays 
rise moderately, irrespective of feeding or of starvation. The figures 
for normal dogs vary between 0.002 and 0.01 gm. per diem for dogs of 
from 5 to 12 kg. weight. After total extirpation these rise to from 
0.01 to 0.09 gm. for dogs of this size. The increase is rather gradual 
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and progressive, and will not go much above 0.09 gm. on mixed diets, 
or on starvation, 

PROTOCOL 3. — ^Total Panckeatectomy (Second Stage) July 3, 1913, of 
Dog 50, which Could Retain Nothing but Water Until Death 


Date 

. Total Acetone 

Weight 

July 

gni. 

kg- 

2-3 

.002 

4.4 

3-4 

.0078 

• . • 

4-5 

.009 

. * • 

5-6 

.038 

4.2 

6-7 

.0309 

• • « 

7-8 

.077 

• • • 

8-9 

.472 

3.8 


9 death 

In the case of Dog 50 (Protocol 3), as occasionally, there was an 
immense preagonal increase. Preagonal decrease almost to the zero 
mark was sometimes observed. 

We cannot doubt from the observations of Elias and Kolb^^ on 
young, normal animals that if young, diabetic animals had been used, 
the diabetic acidosis would have increased under starvation. 

Aside from such controls, the general plan of the experiment was 
to place animals of known weight on diets so chosen as to satisfy 
calorific requirements, and then to replace, for definite periods, a part 
or all the protein by isodynamic amounts of pancreas (or liver, etc.), 
noting the influence on ketone excretion. It soon became apparent that 
the matter of control diet (that is, the food regimen of the days on 
which no pancreas was given) was very important, if one were to 
avoid confusing results and fallacious deductions. Much time and 
many animals were lost in the .slow working out of these considera- 
tions. The earlier experiments showed that high protein food of any 
sort in a diabetic animal exerts a decided ketogenetic influence. Hence 
the necessity arose of preceding the feeding of pancreas by a diet 
including some other protein isodynamically the equivalent of the pan- 
creas to be fed. After preliminary essays of a basal mixed diet, it 
was soon thought be.st to use a straight protein diet of lean meat. This 
was suitable for the carnivorous dog, and, in the form of lean, hind 
shank of beef, possessed the additional advantage of permitting pro- 
tein and nitrogen content to be easily controlled. Later, dextrose and 
fat were added to the basal diet in some of the experiments. In gen- 
eral, a moderate excess of protein food constituted the fundamental 

diet.123 

It became evident from the earlier experiments in which no quan- 
titative determinations of ketones were made, the intensity of color 
reactions being relied on, that on a moderately high protein diet of 
lean beef after total pancreatectomy, ketonuria sometimes developed, 
but with moderate intensity and rapidity, while the reaction to pancreas 
feeding was prompt, and marked by extreme development of aceto- 
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niiria. In Protocol A, only the qnalitativc tests were invoked, but these 
were carefully done, and included, each day, the various modifications 
of the di-nitro-prussid-alkali test for acetone; and the Gc'rhardt (ferric 
chlorid), Hurtley”^ and Ondrejovicld*^ (iodin) methods for aceto- 
acetic acid. On the twelve control <lnys preceding the c.Ktir{)ation there 
was never a trace of acetone or aceto-acetic acid demonstrable. After 
the pancreatectomy, on diets varying helween beef or de.Ntrosc, or beef 
and dextrose, there were no demonstrable ketones, but on the third and 
fourth twenty-four-hour periods (postoperative) there developed, fol- 
lowing the administration of raw beef pancreas in doses of 30 gm.. a 
positive acetone lest, ami on the tenth period, following a dose of 12,5 
gm., positive acetotie and diacetic reactions. At these two j)eriods the 
ammonia-amino (Malfatti) jumped up also, as usual in ketonuria, 
from 0.183 and 0.177 gm. to 0.42 gm. and to 0.438 gm. 

Protocol 4 illustrates the same result. 

PKOTOCOI. ‘t.—DiK; 6 .— 'I'ut.m. Ivxtim'.ktion. Xov. 22 . I‘n 2 


Date 

Xov. 

Food 

.Acetone 

Diacetic 

Weiitlii 

kft. 

20-21 

400 pin. lean heef 

0 

0 

13 3 

21-22 

^ 400 pm. heef 

0 

0 

. . • • 

22-23 

1 10 pm. dextrose 

No food 

0 

0 


23-24 

SO pm. beef 

0 

0 

« « . • 

24-25 

120 pm. beef 

0 

0 

1.12 

25-26 

200 pm. beef 

0 

0 

. • * • 

26-27 

200 pm. raw beef 

-{- + 

4 . 

. ... 

27-28 

taucrcas 

200 pm. beef 

0 

0 

13 2 


Such results, diametrically the opposite of what I had anticipated, 
since I was not familiar with the literature of ])ancreatic opotherapy, 
were so striking that it was decided to investigate the matter by quan- 
titative methods. Protocol 5 is a specimen. 


PROTOCOL 5.— Dog 

27, I'OT.M. 
Total N 

ExTIKI’.VTION, 

Maih'ii 5, 
Total 

1913 

Date 


Intake 

Qnal. 

Acetone 

Weight 

March 

Food 

gm. 

.Acetone 

gm. 

k.g. 

2-3 

400 gm. beef 

13.0 

0 

.0082 

7.5 

3-4 

400 gm. beef 

13.0 

0 

.0098 

. *. 

4-5 

Starved 

0.0 

0 

.0034 

. .. 

5-6 

SO gm. beef 

1.62 

4-4- 

.1191 


6-7 J 

1 150 gm. beef 
[ 20 gm. potato 

4.87 

4-4- 

.1556 

7.4 

7-8 \ 

1 

1 400 gm. beef 
^ 25 gm. dextrose 

13.0 

4-4- 

.1406 

• • • 

8-9 j 

1 

\ 140 gm. meat 
[ 50 gm. bread 

4.80 

4-4- 

.187 


9-10 

200 gm. beef 

6.5 

T race 

.097 


10-11 

200 pm. beef 

6.5 

0 

.044 

. .. 

11-12 

200 pm. fresh pancreas 5.38 

4-4-4- 

1.137 


12-13 

None 

0.0 

4-4-4- 

0.495 

7.1 

13-14 

None 

0.0 

4-4-4- 

0.297 

. .. 

14-15 

ISO gm. beef 

4.87 

-f- 

0.1068 

7.1 



EDWIN GARVEY KIRK 


57 


The dextrose-nitrogen ratio confirmed my operative assumption 
that the pancreatectomy was total. 

This table, as many others, illustrates the fact that in total diabetes, 
ketonuria develops on feeding pf high protein in any form of meat, but 
to a much greater extent on raw pancreas. Thus we find total acetones 
of from 0.1 to 0.4 gm. per diem (for dogs of from 6 to 12 kg.) devel- 
oping on beef diet, but of 0.3 to 0.6 to 1.0 on dynamogenetically equiv- 
alent amounts of raw pancreas. There is considerable individual varia- 
tion in ketogenetic response ; thus one animal may show as great a 
quantity of total acetone on beef feeding as another does on pancreas ; 
hence it would be misleading to compare the quantitative results (or 
color reaction) of one dog on pancreas feeding with those of another 
on muscle feeding. In general, severely or totally diabetic dogs will 
not develop a qualitative acetone (color) reaction after several days’ 
starvation or low diet or on a mixed diet not much above calorific 
requirements, but will rapidly develop it on high protein, and much 
more rapidly and intensely on protein-equivalent quantities of raw 
pancreas. 

In some dogs, on moderate or high beef-muscle diet, the qualitative 
reaction is so marked that the change to pancreas does not render it 
more intense, inasmuch as it has already a maximum intensity for a 
color reaction. In such cases, however, the quantitative determinations 
always show the difference plainly (Protocol 6). 

PROTOCOL 6. — Dog 54, Skpt. 11, 1913, Second Stage of Hedon Total 

Pancreatectomy 




Protein N 


Total 


Date 


Intake 

Qual. 

Acetone 

W eight 

Sept. 

Food 

gm. 

Acetone 

gm. 

kg. 

10-11 

450 gm. beef 

14.61 

0 

0.01183 

4.6 

11-12 

Starved 

0.0 

0 

0.0230 


12-13 

400 gm. beef 

13.0 

0 

0.0640 


13-14 

350 gm. beef 

11.36 

0 

0.0721 


14-15 j 

1 400 gm. raw 

10.76 

++ + 

0.385 

4.7 

1 

15-16 

pancreas 

350 gm. beef 
r 400 gm. raw 

11.36 

+++ 

0.124 


1 

16-17 ^ 

pancreas 

13.00 

+++ 

0.623 



1 100 gm, beef tallow 




17-18 

350 gm. beef 

11.36 

+ + + 

0.2375 


18-19 

350 gm. beef 

11.36 


0.1942 

4.5 

19-20 

400 gm. pancreas 

13.00 

+ + + 

0.487 


20-21 

350 gm. beef 

11.36 

+++ 

0.3722 


21-22 

Refused food 

0.0 

+++ 

0.340 



Here, after the maximum qualitative reaction had appeared after 
pancreas feeding, it remained essentially unchanged to the end. In 
general, the aceto-acetic reaction develops only if the acetonuria is 
intense ; this applies especially to the ferric chlorid test, the more deli- 
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calc Hurllcy and Ondrcjovich test? hein" j)ositivc with lesser degrees 
of acetonnriad*' The developnicnt of the acelo-acclic reaction as well 
as other points is illustrated in I’rolocol 7. 


TROTOCOL 7.— Dfx; 67. 

Xov. 28. 191.4 Si CONI. 

l*.\N('Kr.VI 1 CTo.M V 

Protein N 

or 

I'crrie 

ni>.x 

D.ntc 


Intake 

Qii.nl. 

Otlorid 

Wcivht 

Xov. 

Vond 

i:ni. 

.Xvi'tom- 

Reaction 

k-g. 

27-28 

350 !>ccf 

0.74 

0 0026 

0 

9.2 

28-20 

Xnno 

(1.0 

0.fK12O 

0 


29-80 

350 liccf 

11.36 

0.079 

0 


30-1 

350 gm. hccj 

11.36 

010-? 

0 


1-2 1 

1 

350 gm. beef 
' 2l) gm. (icxtro'^c 
‘10 gm frc^li 
(log 

11..V. 

0.0.186 

0 


2-3 i 

1 

pancrca** 

2(X) beef 

20 dextrose 

7..=;o 

0.6.38 

4- 

9.3 

3-4 1 

1 

j vl50 beef 

1 20 dextrose 

11.36 

o(ym 

0 


4-5 : 

f 350 beef 
/ 20 dcxiro'^e 
r tSO gm. fre*^!) 

1 dog 

11..V) 

00504 

0 


5-6 

{ pancreas 

j 300 gm. beef 
[ 20 fim. dextrose 

1! 94 

0.542 

_t. 

( 

9.0 

6-7 

Vomited all food 

0.0 

0.420 

4- 

87 

7-8 

Vomited nil food 

00 

0.4.38 

4- 


8-9 

Vomited all food 

0.0 

0.0752 

6 

8.4 


9 Dentil with edemn nnd coinn 


Dog 67 was totally diabetic, its dcxtrose-nitrogcti on the 30ih being 
3.05. It was on a high protein diet, its weight Itaving been about 9 kg. 
and its daily lean meat ralioti from 200 to 350 gm. It illustrates well 
the action of raw pancreas, .and shows that the latter is not cloaked or 
inhibited by concomitant feeding of dextrose. This and other pro- 
tocols do, however, seem to indicate that heavy doses of pure dextrose 
tend to lessen acidosis even in dogs. Thus note that on the 30lh and 
1st the total acetone is 0.104 gm. on beef alone: on the next day it is 
0.0386 on the same amount of beef pins 20 gm. sugar. Days 3-4 and 
4-5 show the same influence, and I have several times noted this same 
effect. Compare Protocol 5 above, on days 6 to 9. 

Inasmuch as theoretical considerations would lead us to expect 
more from a hepatic than from a pancreatic organotherapy in diabetes, 
experiments were also conducted along this line, starting with the 
expectation that a lowering of dextrose-nitrogen ratio and of ketonuria 
would result. It was soon found, on the contrary, that glycosuria is 
not appreciably influenced (except incidentally by the concomitant vari- 
ations in carbohydrate intake), and that raw liver is, as pancreas, 
ketogenetic, although not to so high a degree (Protocol 8). 



EDWIN GARVEY KIRK 


59 


PROTOCOL 8.— Dog 17, Second Stage of Hedon Pancreatfxtomy, Done 


Date 


Jan. 6, 1913 
Food N. 

Total Acetone 

Weight 

Jan. 

Food 

gm. 

gm. 

kg. 

5-6 

400 gm. beef 

13.0 

.0174 

8.2 

6-7 

100 gm. beef 

3.25 

.058 

• • • 

7-8 

400 gm. beef 

0.13 

.092 


8-9 

400 gm. beef liver 

13.05 

.364 

• • • 

9-10 

400 gm. liver 

13.05 

.467 

8.1 

10-11 

400 gm. beef 

13.0 

.302 


11-12 

400 gm, beef 

13.0 

.1618 


12-13 

400 gm. beef 

13.0 

.283 

• • • 

13-14 

300 gm. beef and 
dextrose 20 gm. 

9.74 

.124 

8.1 

14-15 

J Beef pancreas 350 

gm., 9.45 

.6023 

8.0 

15-16 

I dextrose 20 gm. 
Rejected all food 

0.0 

.1426 

... 

16-17 

Rejected all food 

0.0 

.122 

7.9 

17 

Death 





It had seemed possible that beef muscle was less ketogenetic than 
beef pancreas on account of a possible inhibiting influence of the 
higher glycogen content of the former, but this explanation was ren- 
dered invalid by the results of liver-feeding, for liver possesses a much 
higher glycogen content than does muscle, yet it has decidedly greater 
ketogenetic properties. I also ascertained by direct experiment (Dog 
53) that the feeding of 1 gm. of pure glycogen concomitantly with the 
pancreas did not inhibit in the least the ketogenetic action. This was, 
indeed, to be expected, inasmuch as the only way glycogen could exert 
such an effect would be by primary splitting to dextrose with absorp- 
tion, and the protocols amply prove that even large amounts of dex- 
trose (20 gm.) given simultaneously with the pancreas do not exert 
a marked inhibitory influence on ketone formation. (See excerpt of 
Protocol 7, above, especially on dates 1 to 6.) 

The feeding of fats simultaneously with pancreas gives rise to 
more marked increase in ketogenesis than that resulting from pancreas 
alone. 


PROTOCOL 9. — Dog 54, Total Pancreatectomy 


Date 


Total Acetone 

Weight 

Sept. 

Food 

gm. 

kg. 

13-14 

400 gm. beef 

.064 


14-15 

400 gm. pancreas 

.385 

‘47 

16-17 

400 gm. pancreas 

100 gm. tallow (beef) 

.623 

— 

19-20 

400 gm. pancreas 

.487 

• • * • 


MosenthaP® explained the increased ketogenesis, which he observed 
in his case of severe diabetes on pancreatic opotherapy, as due to 
increased fat absorption. As proof he cites the fact that a phlorid- 
zinized dog (hence with normal absorption) develops ketonuria, while 
a totally diabetic dog (hence with fat absorption practically nil) shows 
none. This deduction is fallacious from two points of view ; (a) In 
phloridzinized dogs ketonuria occurs, but only after the reserve gly- 
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cogcn cicpols have been exhauMcd (Maruni'’“'). 'I'liis shows a close 
relationship between hetoifenesis and carbohydrate utilization, but no 
especial relation between k'elo£,aMiesis and fat absorption, (b) Pan- 
creatic diabetic do},'.^; do develop ketosis. In the great majority of these 
experiments I have avoided fat food, ns a complicating factor, and 
hence 1 can be positive that increased intestinal absorption of fat is 
not the only or the main factor in heightened ketonuria after pancreas 
feeding. 

After ketojuiria has l)een once precipitated, c.^'pecinlly in a severe 
form, as by repeated feedings of pancreas, there persists an increased 
sensitiveness to ketogenetie factors, so that the ketonuria tends to per- 
sist, though in lessened intensity, even under a diet non-kctogenetic. 
This m.ay be due to a jiermanent. toxic damage (.as of the liver) 
brought about by the first exhibition of jiancreas. 

Also in several experiments, .after a heavy ketonuria had been 
developed by jiancrcas feeding, it incrcaseii rapidly, the animrd was 
very sick, vomited or refused all foorl, became comatose sonulimc,s 
developed edema, and dieal three or four days after the development 
of the intense ketonuria. In such cases the only positive necropsy 
findings were usually an enlargeal liver, bright yellow in color and 
friable. Microscopie.ally, such livers showed a high degree of fatty 
degeneration, almost to the [loint of complete replacement of the liver 
parenchyma by fat globules. None of the gastric ulcers or duodenal 
kinks described by Minlcowski’-" coulil be found in these cases of 
emesis and this is probably a toxic emesis. 

co.MA niAiirricf.M ix dogs 

There is considerable dispute as to the occurrence in flogs and other 
animals of a true coma diabeticum.^-' Ehrmann’-'^ discusses the dif- 
ferentiation between true coma and the allied states, and maintains 
that he obtains true coma in rabbits, by his sodium butyrates. In 
animals the signs and .symptoms arc naturally uncertain and difiicult 
of interpretation, but if his objective criteria arc valid. I certainly 
obtained coma in several dogs, and onlv in ones which had received 
pancreatic feeding. In those on ordinary carnivorous or mixed diet, 
death in inanition occurred the second or third wcclc, but no definite 
coma. In a few there developed, after two or three administrations of 
pancreas, a narcosis-like sleep, with deep and .slow inspirations and 
short forcible expirations. This came on early (even two or three days 
after the pancreatectomies) on heavy pancreas feeding, never except 
on pancreatic feeding, and was accompanied by great ketonuria, but 
usually (as in most other cases) by preagonal decrease of ketonuria 
to almost the zero mark. I have already referred to another type of 
death — the “acute pancreas death.” 
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One must differentiate this terminal syndrome of fatty toxic liver, 
ketonuria and coma from that of anesthesia liver degeneration. With 
the exception of the work done in the two months, December, 1912, and 
January, 1913, a fresh can of highest (anesthetic) purity ether has 
been opened for each pancreatectomy. But during that period, with- 
out the knowledge and contrary to the explicit order of the experi- 
mentor, left-over ether, kept in an ordinary bottle and exposed to sun- 
light, was used. The result was that practically every animal, fourteen 
in all, died on the fourth or fifth, or sometimes even the second or 
third days postoperative, displaying malaise, pernicious vomiting, and 
a comatose condition. The liver was always large and bright yellow. 
While ^ignorant of an)'’ toxic substances that might develop in ether 
under these circumstances, I feel assured that the extra burden put on 
the liver by pancreatectomy must in these cases have proved, in con- 
junction with some chemical toxins, too much for that organ. Many 
protocols and experiments demonstrates the slightness of the eff'ect of 
an anesthesia of pure ether on ketogenesis. See, for example, the 
excerpt from Protocol 2. There is practically no postanesthetic rise 
in ketonuria in any case. 

EFFECT ON GLYCOSURIA 

In the earlier experiments it was thought that a reduction of gly- 
cosuria and a lowering of the dextrose-nitrogen ratio was observed on 
pancreatic feeding. But after a few experiments the fallacy became 
apparent. The food had been suddenly changed from a mixed diet 
containing considerable carbohydrate to one of pancreas — almost 
pure protein. Or where this was not the case, the attention had been 
focused on small chance variations in dextrosuria, incidental to all 
such experiments. It is certain that no lowering of glycosuria or of 
the dextrose-nitrogen ratio results from pancreatic feeding in totally, 
severely or mildly diabetic animals. I do not wish to be understood as 
questioning the results of Pratt, Spooner and others, with prolonged 
feeding of pancreas in milder types of diabetes. 

MILD DIABETES 

In several dogs, the size of the transplanted lobe was so regulated 
that a diabetes accompanied by a slight glycosuria or by a lowered 
threshold resulted. Thus Dog 74 (Protocol 10) displayed no glyco- 
suria on a diet of meat, or of meat and starchy foods, or on 20 gm. 
dextrose with meals, but promptly developed glycosuria on 30 gm. 
dextrose, given with meals. 

On pancreas feeding it showed slight increase of acetone, this rising 
from about 0.002 to 0.008 up to 0.009, 0.01 or even to 0.0974. There 
was an increase of ammonia-amino during the twelve to twenty-four 
hours immediately following such feeding, as from 0.67 gm. up to 2. 3, 
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or even 4.79 .mn. 'Phe last fitjure was on fecdini^ of 400 ,t,nn. pancreas. 
The precedinf^ day, on a j)ractically etinivalenl meal of 400 jjni. raw 
beef, the Malfalti showed 0.86.3 gin. 'I’here was also the usual polyuria 
observed on pancreas feeding. 


PROTOCOL 10 . — ]\xcii!i’T or Pi'otocui. ok Diy; 74, On k.ntkd us Junk 
19 . ( l)i.'-Ki..\vi It X'o Cii.vco,‘'i‘ia.v ON .Mi \‘i Diit Juni. 20 -JfNK. 





I'ota! 

Weight 

Date 

Did 

l)t xlrovr 

Aerttme 

bg- 




gin. 


June 





25 

l\Ualo "1" bread ad lib. 

'brace 

,1027 

8 75 

26 

j»in, beef 

0 

.nfi3 


27 

Hccf *UX1 ptualo 





ad lilt 

0 

(X')24 

8 75 

2S 

^:nu beef 

0 

.(Vi21 


2^^ 

3(K1 beef 

0 

.(V’X'O 



f 67 raw do^; nan- 




30 

I 

crea*' 

'brace 

.012 

88 


[ 233 [un. beef 




July 





1 

3r)r) ftni. brei 

0 

3xi77 


2 

250 utn. panrren^ (beef) 

d“ (0 7 \nr ce'ilt. 





= 2.^^^ Kin.) 

.(xr)2 


3 

300 beef 

0 

.mzs 


4 

300 I>eef 

0 

.iK)26 


5 

300 d- 5 ^.jrn. rlrx- 





trosc (vimuUnncouslv) 

0 

.mi 4 

8.75 

6 

.3fX) gm. beef 

1) 



7 

3(X) Kin. beef + 15 Kin. 





dextrose 

u 

.0030 


8 

300 Kin. beef 

0 

.6041 


9 

300 Kin. beef + 30 

( 1.3 per cent. 

.0026 



dextro.se 

= 4 87 gm.) 



10 

300 gm. beef + 20 gm. 

0 

.0016 



dcxtro'^c 




11 

300 gm. beef 

0 

.0031 

8.7 

12 

300 Kin. beef 

0 

.(xno 


13 

300 gm. raw (beef) 





pancreas 

d-d- (1.26 per cent. 

.0/2 




= 8.06 gm.) 



14 

300 gm. beef 

Trace 

.0161 


IS 

300 gm. beef 

0 

.0072 


16 

300 gm. raw beef pan- 





creas 

-fd- (1.12 per cent. 

.0974 

8.8 



= 5.096 gm. 



17-26 

300 to 400 pm. beef per 





clicni 

X'onc 



27 

400 Kin. beef + 30 gm. 



8.6 


dextrose 

d-d- (3.12 per cent. 

.0044 



= 4.99 gm.) 



28 

400 gm. beef 

0 

.0037 


29 

400 gm. raw pancreas.. 

d-d- (1-11 per cent. 

.0154 




= 4.5 gm.) 



30 

400 gm. beef 

-}--{- (2.48 per cent. 

.033 




= 6.2 gm.) 



31 

400 gm. beef 

d-d- (1.84 per cent.) 

.050 


Aug. 

1-S 

400 gm. beef per diem. . 

Always d — b 

* 



*Not estimated. 
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Most interesting of all, there developed a sharp and marked 
glycosuria, during the twenty-four hours following each pancreas feed- 
ing. This was present at no other time, except when over 25 gm. 
dextrose was given. We have invariably found, in dogs with greatly 
lowered tolerance but no actual glycosuria on meat diet, that the pan- 
creas opotherapy precipitates glycosuria. 

The positive dextrose findings were frequently checked up by 
polariscope and phenylhydrazin tests. 

Similar findings as to the dextrose mobilizing power of pancreas by 
mouth were obtained on all animals which were mildly diabetic. 

It will be noted in Protocol 10 that after the final pancreas feeding 
there was a persistent glycosuria. This has been observed twice. It 
seems probable that it falls in the same category as that increased 
sensitiveness of the diabetic organism to ketogcnetic factors after 
repeated pancreatic opotherapy, referred to above. In all likelihood 
both represent a permanent toxic damage of liver or pancreas. 

I am now engaged in determining whether or not the increased 
glycosurias of pancreatic opotherapy are accompanied by a hyper- 
glycemia. 

These influences of pancreas-feeding on ketonuria and glycosuria 
apply to fresh, raw pancreas, and to raw pancreas kept on ice for 
several (at least four) days, but not to cooked pancreas. 

Several subsidiary effects of pancreatic opotherapy were noted, but 
are already generally familiar. Thus the ammonia was increased con- 
comitantly with the ketonuria. Amino-acid excretion was high in 
severe diabetes. My earlier determinations were unreliable, for I 
estimated the combined ammonia and amino nitrogen by the Malfatti 
method, and the ammonia by the Folin method, obtaining the amino 
nitrogen by subtraction. I was sometimes surprised to find the 
ammonia figure to be greater than the figure for ammonia plus amino. 
It was only late in this work that attention was called to the fallacy of 
using alizarin as an indicator.^^'-’ After this I verified the high amino 
nitrogen of the totally diabetic animal.^®" 

V, INTERPRETATION OF RESULTS 
Pancreatic feeding thus gives rise to increased ketonuria. Does 
that mean to increased ketogenesis? This is a pertinent question, 
because there is absolute clinical evidence that ketone excretion does 
not always run parallel to ketone formation.^^i Those who champion 
the causal relation between ketones and coma diabeticum lay special 
emphasis on the toxicity of the non-eliminated fractions accumulating 
in the blood and tissues, this being true whether their toxicity is due 
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to their ncidily (Naunyn) or (o a specific cjualily. Again, 
exhibition of alkalies certainly increases excretion of the bodies. *•'’* 

But there is nothing in the behavior of our animals which would 
lead us to suspect that ketones arc being generated and accumulated 
before the administration of jiancreas, the latter simply increasing their 
excretion. In such case we shoukl certainly have found at least some 
moderate increase in ketonuria prior to the opotherapy. In most of the 
experiments, the jiancreas was given at an earlier jicriod after pan- 
createctomy than one ever sees ketonuria developing on onlinary mixed 
or even raw Iieef diet. Moreover, (here was no evidence that these dog.s 
were suffering from ketone jioisoning (if such an entity exists) prior 
to opotherapy. Also the toxic symjitoms exhibited by the dogs 
appeared with, and incrc.ased in jiroportion to, the development of 
ketonuria. And in several of them there was what I interpreted as a 
real coma, with tremendous amounts of ketone bodies. 'I'liis parallel 
development of ketonuria and toxic synifitoms puts the burden of proof 
on those who would contend that the ketones were formed in the tissues 
early and excreted only under the influence of the pancreatic opo- 
therapy. If one accepts the hypothesis of F.mbden and Michaud,’’'^ 
according to which diacetic anti beta-oxybulyric acids arc f’liysiolofiic. 
intermediary products or by-jirotlucts of the formation of carbo-. 
hydrates from fat, normally o.xiflizing to end-jiroducts before elimina- 
tion, but appearing as such in the urine when, on carbohydrate dcfi- 
cicnc}', fat catabolism oversteps the bouiuls, then wh.at I have just con- 
tended holds true, vnitniis unitaudis, so that even on this doctrine, 
there is no reason to believe that before opotherapy there were stored 
up in the tissues such unoxidiaed ketone bodies. 

By what mechanism does pancreas feeding increase ketogenesis? 
Any attempt to answer this must take into account the factors which 
influence the production of acetone bodies ordinarily, that is, in the 
absence of pancreatic opotherapy. 

With regard to their ultimate chemical source there is overwhelm- 
ing accord that they largely arise in the course of inlenncdiary metab- 
olism, from the vitiated splitting of fats.’’” However, one must con- 
cede tlie possible derivation of a portion of the ketones from protein.^’'’® 
This being their ultimate source, what are the contributory or pre- 
disposing factors in ketogenesis? 

First, and very obviously, diabetes. But the limitation of our 
knowledge in the field of pathophysiology is so great that the word 
‘‘diabetes” can at present connote but little definite in this sense. 

Second, and more concretely, increased uliilication of fats.'^^° Fats 
ai'e, for the diabetic organism, ketogenetic. 

Third, deficient utilization of carbohydrates.^^’’ Of course, the 
diabetic organism furnishes the most conspicuous example of ftinc- 
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tional incapacity for handling carbohydrates. According to the inter- 
pretation now most current, there follows on this reduced consumption 
of sugars a compensatory increase of catabolism of body-fat and pro- 
tein by way of response to calorific demand, such hypermetabolism 
then resulting in a false degradation of body fats, and possibly to a 
lesser extent of proteins (Landergren), ending in ketone formation.^®® 

Other minor contributory factors must be mentioned. Thus young 
dogs (and human beings) are more susceptible to the action of any of 
the influences mentioned, especially carbohydrate deprivation.®^ Also a 
lessened store. of hepatic glycogen predisposes to ketogenesis. This is 
probably a specific phase under the general factor of lowered carbo- 
hydrate utilization ; indeed, it may be the fundamental mechanism of 
the latter.®® The degree of acidosis bears no fixed relation to the 
degree of glycosuria.'® In phloridzinized dogs a preservation of the 
nitrogen equilibrium ensures freedom from acidosis; starvation pre- 
cipitates it; ingestion of sugar prevents it.^®® What light does this 
consideration of factors influencing ketogenesis throw on the mechan- 
ism by which pancreatic opotherapy increases it? 

1. It is probable that feeding of pancreas may augment ketogenesis 
by determining increased absorption of fat. The latter has been proved 
to be usually greatly impaired when the pancreas is badly diseased or 
partial^ extirpated, experimentally or for disease.^"*® The evidence, 
while not unanimous, points strongly to the conclusion that absorption 
and nutrition are considerably improved by raw pancreas feeding, and 
this seems to hold for the insufficiency arising from (a) incomplete or 
complete extirpation, (&) supposedly complete exclusion of external 
pancreatic secretion from the intestine,^*® and (c) organic pancreatic 
disease.®^® 

The question as to the precise nature of the mechanism through 
which the pancreas exerts this undeniable influence on fat-absorption 
is too complex to be anal5'-zed here except cursorily. That influence 
seems not to be attributable to any known direct effect or character of 
the external secretion, such as emulsifying power, alkaline content, 
lipolytic-enzyme content, or to any indirect effect exerted on associated 
digestive processes, as by controlling the secretion or activity of bile, 
or the intestinal motility.^^^ Lessened digestion of fats is not the solu- 
tion, since it is certain that the splitting of food fats is but little or not 
at all impaired in pancreatic insufficiency.^^® Yet there is considerable 
evidence that pancreatic juice is in some way necessary for absolutely 
normal fat resorption.^'^® As concerns the possible action of internal 
secretion, it is also doubtful whether the pancreas influences fat absorp- 
tion through its effect on carbohydrate metabolism. Certainly any 
relation between hyperglycemia and vitiated absorption may be ruled 
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Another allied concept, Imt of rather vague significance, is that 
lowered fat absorption is simply a part of the general depressed metab- 
olism of severe diabetes (Allen). Finally, Lombroso has ably cham- 
pioned the view that a special pancreatic hormone exerts a control over 
the absorption of fat, and possibly its intermediary metabolism.”’’ In 
increase of fat absorption we have a partial exjdanation of the aug- 
mented ketogencsis on pancreas feeding. In those of our experiments 
in which fats were given concomitantly with pancreas, there was such 
an increased Icetone excretion as to justify the ddluction that this may 
be one ctiologic factor, more especially in the mixed diet of the n.sual 
diabetic regimen. However, the results cannot be interpreted altogether 
along this line, because 1 have, in many experiments, avoided any pos- 
sible absorption food fats. 

2. The degree of protein obsorptiar, is a possible factor. This is 
certainly decreased in pancreatic insufficiency ami improvefl on pan- 
creatic feeding.”-' In the removed pancreas (userl for opotherapy) 
trypsinogen is speedily converted into trvj)sin. Thus, fed pancreas not 
only has a high protein content per sc, but also may help in digestion 
and absorption of any other food protein. It is certain from the results 
of the present work that several of the raw protein foods (beef, pan- 
creas, liver) arc ketogenetic to the diabetic organism. But whether or 
not this is a property of the protein, as such, depends on the extent to 
which proteins are an tdtimatc chemical source of ketones. There is 
reason to believe that the role is inconsiderable (sec above). 

3. Almost certainly the ketogenetic properties under discussion arc 
toxic, probably owing to autolytic substances which are normally 
destroyed by the pancreas (detoxicating theory of pancreatic func- 
tion). This is along the line of Reach’s-''’ interpretation of the 
increased glycosuria and hyperglycemia after feeding of raw meats. 
Such glycogcnetic and ketogenetic to.xins arc probably non-specific for 
pancreatic tissue, but present in greater quantity in pancreas, or else 
in a more potent form than in liver or in muscle tissue. They may 
be conceived of as c.xerling their ketogenetic influence in many differ- 
ent ways, but most plausibly by deranging the hepatic function.^'^^ 

4. Could the increased ketogenesis be secondary to decreased utili- 
zation of carboh)’^d rates? Probably not. For tlic overwhelming evi- 
dence is that opotherapy does not decrease the burning of sugar (see 
above). Moreover, most of my animals were totally diabetic, and hence 
already oxidizing a minimum of carbohydrates.^’’'* Of course, those 
authors certainly go too far who den)^ any controlling influence of car- 
bohydrate metabolism on ketone-formation in carnivora. Marum’s®” 
important observation that in phloridzinized dogs acidosis occurs only 
after the reserve glycogen has been consumed proves this. But it is 
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undoubtedly true that the correlation between acidosis and carbohy- 
drate non-utilization is not nearly so close in the dog as in man. The 
adult dog is “accustomed” (von Noorden) to bear carbohydrate depri- 
vation without reacting by acidosis. Allard®^ has specifically shown 
that the dog does not readily respond to low carbohydrate by acidosis. 
My experiments repeatedly show that feeding of dextrose in heavy 
doses does not lessen the acidosis appreciably, once it is developed. 
Apropos of this possible relation of acidosis to depressed sugar metab- 
olism, it occurred to me near the close of these experiments that the 
glycogen present in the skeletal muscle might be responsible for the 
lesser ketogenetic activity of fed muscle, as compared with that of 
pancreas. But the two experiments on liver-feeding showed that this 
may be ruled out as a factor, for the liver of a normal dog has a high 
glycogen content, and yet the ketogenetic response was almost as 
marked as in the case of pancreas. Pancreas contains only a trace of 
glycogen. Feeding of glycogen alone gave rise to no increase or 
decrease of acetone excretion, as was indeed to be anticipated, inas- 
much as glycogen, like starch, must be split to disaccharids and mono- 
saccharids before absorption; and we know the latter are not as 
markedly antiketogenetic in carnivora as in man. 

5. Finally, it seems conceivable, although not probable, that, in pan- 
creatic opotherapy, enzymes are introduced which stimulate the ten- 
dency to ketone formation already present; or expressed more pre- 
cisely, catalytics, which accelerate the mass-action tendency already 
inherent in a diabetic organism to vitiated catabolism of fats (perhaps 
also of proteins) , with consequent ketogenesis. I here refer to ferment 
action on intermediary metabolism, for ReaclF''” has already excluded 
the local action of external secretion ferments in increasing fat absorp- 
tion. There is also the possibility that this opotherapy acts by mobilize 
ing tissue fats, giving rise to increased intermediate metabolism of 
endogenous fat ; the vicious splitting of .such fats in the totally diabetic 
organism would then give rise with certainty to ketones. 

VI. SUMMARY 

In the severe or total pancreatic diabetes of dogs, ketonuria of 
sufficient intensity to be demonstrable by the qualitative tests always 
develops provided the animal survives several days, and is on a diet 
covering its calorific requirements. 

The “total acetone” figures for adult normal dogs of from 5 to 
12 kg. weight run about 0.005 to 0.01 gm. per diem. 

After total or near total pancreatectomy and on complete starvation 
(except for water), there is a slight gradual increase to about 0.01 gm. 
up to 0.09 gm. per diem. 
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By judicious administration of a low calorie mixed diet after pan- 
createctomy the total acetone figures may be kept down to about the 
latter limits. 

Heavy protein diets of any sort exert a ketogcnetic influence on the 
diabetic organism. Thus the feeding of an exclusive protein diet of 
lean beef for several days invariably precipitates a ketonuria app.^'c- 
ciable by ordinary qualitative tests, the total acetone going up to 0.1 to 
even 0.4 gm. 

On dynamogcnetically equivalent amounts of raw jiancrcns the total 
acetone always increases greatly to 0.5 to 0.7 or even over 0.1 gm. per 
diem, which represents tremendous amounts for dogs; tlie color reac- 
tions have a maximum intensilv. .‘^uch increases occur on a single 
feeding of pancreas. The feeding of raw liver is responded to l>y a 
greater ketonuria (0.3 to 0.4 gm.) than that following muscle feeding, 
but not nearly so marlccd as the reaction after pancroa.s. These dificr- 
cnces were proved to be not due to variations in protein content or in 
glycogen content. 

I doubt whether this ketogcnetic inlluencc of pancreatic opotherapy 
is altogether specific, li'ct, in view of the consideration that it is so 
much greater for pancreas than for other representative protein foods 
we cannot deny the possibility of its being specific. 

As to the mechanism of its action, I have shown that it is not refer- 
able to increased absorption of protein or of fats, although both these 
arc factors in additional increase of kctogcncsis. It may be associated 
with increased intermediate metabolism of body-fat ; I have not 
attempted to prove this. It is probably a toxic action, comparable to 
the increased glycosuria demonstrated by Reach'^'* on pancreas feeding. 
Doubtless such toxic influences arc largely directed toward the hepatic 
functions. 

If views as to the nature of diabetic acidosis be classified into two 
groups (Allen*'^’’), namely (n) those maintaining that this is a con- 
dition siii generis (von Noorden and others) and (b) those holding it 
to be due solely to carbohydrate deficiency (Landcrgren, Forssner, 
Gigon), then I believe the present experiments tend strongly to show 
that “acidosis” in dogs may vary independently of the status of carbo- 
hydrate ingestion and metabolism. 

VII. CONCLUSION 

With reference to the practical aspect of pancreatic organotherapy, 
Allen^"’-’ remarks, “All authorities are agreed upon the failure of pan- 
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creatic opotherapy in diabetes. The attempts are continued because 
of the strong theoretical inducements.” 

On the contrary, after ruling out all doubtful cases and false inter- 
pretations, there seem to be a few exceptions to this dictum, namely, 
cases of diabetes associated with deranged absorption of fats and pro- 
teins ; and it is only the administration of unheated pancreatic emulsion 
or extracts, including pankreon, by feeding which seems to be of avail 
here. Moreover, both glycosuria and acidosis are increased, and yet, 
under careful control, this therapy seems to have been, in selected cases, 
of some benefit.^®^ 

With reference to their theoretical bearing, these negative results 
of organotherapy have been repeatedly invoked by the opponents of 
the doctrine of pancreatic internal secretion (Pfliiger, Leschke and 
others) as effectually negating that hypothesis. But it is metaphysi- 
cally speaking, one thing not to have proved a doctrine, quite a different 
thing to have disproved it. We may possibly agree with Hedon’s”'^ 
aphorism that the existence of a pancreatic internal secretion will only 
then have been demonstrated when it shall have been possible to check 
diabetes of a depancreatized dog by some form of pancreatic opo- 
therapy. But we can never consider it disproved until the cause of the 
negative results has been fathomed ; as Pfliiger remarks, “Negative 
proofs in themselves have no final force unless the proof shows why 
they are negative.”^°° 

Moreover, aside from the philosophical aspect, it is possible to 
assign several specific reasons for anticipating such negative results. 
Thus, as Verzar and Fejer^^*^ aptly remark, “A negative result can be 
occasioned by various other causes. Thus to mention only one possi- 
bility, the amount supplied in this manner to a body from which the 
pancreas hormone has entirely vanished may be too small to reach a 
concentration sufficient for the oxidation of sugar.” 

We have always the undisputed fact staring us in the face that 
when the pancreas is extirpated a total diabetes is precipitated ; and 
that when a small part of that organ is left in the blood circuit, but 
otherwise separated as to all organic continuity (even nervous) from 
the rest of the animal, the latter is yet preserved from diabetes (Lom- 
broso). BiedP^’’ is justified in contending that “the entire data on 
pancreas diabetes . . . testifies decidedly that here an internal 

secretion of the pancreas is lacking which normally plays a decisive role 
in carbohydrate metabolism.” 

I wish to express thanks to Dr. R. R. Bensley of the University of Chicago, 
who kindly read this manuscript and tendered many suggestions; also to Mrs. 
Margaret Kirk, for constant assistance in the operative work. 
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STUDIES ON THE PATHOLOGICAL PHYSIOLOGY OF 

THE HEART 

I. THE INTRA-AURICULAR^ INTRAVENTRICULAR AND AORtIc PRESSURE 
CURVES IN AURICULAR FIBRILLATIONS * 

CARL J. WIGGERS, M.D. 

NEW YORK 

introduction; the validity of EXPERIMENTAL RESULTS IN THE 
INTERPRETATION OF CARDIAC AFFECTIONS 

The experimental investigator who, within the span of at most a 
few hours, seeks to reproduce in animals the cardiac affections which 
Nature pleases to produce in man in a slow and gradual fashion, runs 
the risk of bringing about conditions which may not be comparable to 
those actually existing in diseased individuals. Thus, the sudden tear- 
ing of a valve may produce a reaction in experimental animals that is 
more serious than a similar insufficiency, the gradual development of 
which is accompanied by compensatory phenomena. It becomes a part 
of the experimental problem, therefore, not only to elucidate the 
dynamic effects of a certain pathological change, but also to determine, 
as completely as possible, the influence that secondary accompaniments 
to such a condition have on the primary affection. 

Moreover, the 'hearts of animals on which experimental work is 
carried on are necessarily depressed by operation as well as anesthetic. 
Even if the anesthetic is wisely chosen and cautiously administered, 
shock and hernorrhage being reduced to a minimum, the very acts of 
opening the chest, instituting artificial respiration and removing the 
pericardium all operate to alter the pressure relations in the heart and 
large vessels so that the circulation can no longer be regarded as nor- 
mal. Emphasis may, therefore, be laid on the fact that, in this series of 
investigations, the effort has been made to have, previous to the produc- 
tion of any pathological disturbance, an “effective auricular pressure” 
and an arterial pressure as nearly normal as possible. This was accom- 
plished by giving the animal a very mild artificial respiration which 
caused an accumulation of carbon dioxid in the bipod. Furthermore, 
the pericardium was retained in normal position in these experiments. 
If this procedure failed to restore normal pressure relations, an infusion 
of a saline containing 0.2 per cent, dextrose and a 1 : 10® concentration 

* Submitted for publication May 29, 1914. '■ 

*From the Department of Physiology, Cornell University Medical College. 

*The first of a series of experimental and clinical investigations of patho- 
logical cardiac conditions made by means of optically recording instruments. 
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of cpincpliriii was allowed to enter the external vein very slowly but 
continuously. 

A third difticulty in studying: accurately the pressure changes during 
cardiac disturbances has recently been eliminated. It apjK'ars from 
the critical analysis of the static and dynamic rcciuircmenls of record- 
ing a])paratus by Frank’ that, until recently, physiologists have not been 
supplied with apparatus which could accurately follow pressure changes 
in the cardiovascular system. The records obtained were but distorted 
images of what actually occurred. 'J'his unrecognized difhculty has 



Fig. 1, — Two optic.nlly recording manometer.';: A. manometer for auricular, 
venous or arterial pressures; B, manometer for intraventricular pressures; M, 
movable mirror; N, calibrating mirror. 

given a false feeling of finality in regard to data concerning phenomena 
involved in the normal as well as the pathological physiolog}’’ of the 
circulation. Fortunately, however, it is now possible, on the principles 
worked out by Frank, to construct optically recording manometers 
whose efficiency exceeds the demands on them. Only such instruments 
have been utilized in these researches. 

■ 1. Frank: Ztsebr. f. Biol., 1903, :vHv, 445; 1908, L, 309; 1910, liii, 429, 545; 
1911, Iv, 547. 
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THE OPTICALLY RECOKDING APPARATUS 

1. Manometers . — The two types of optically recording manometers 
are shown in Figure 1. The instrument B, used to study intraven- 
tricular pressure, has been described in detail, ^ while the instrument A, 
used to study the venous, auricular and arterial pressure, resembles, in 
principle, another instrument which has also been described,® but differs 
in that it terminates below in a metal cannula which can be rotated 
and bent at different angles very much as the metal portion of Frank’s 
spiegel-manometer. 



Fig. 2. — Arc light for producing a band of light of variable width. Descrip- 
tion in text. 

2. Source of Illumination . — small 5-ampere lamp (E. Leitz & 
Co.), the carbons of which are automatically advanced by clockwork, 
provides a light of constant intensity (Fig. 2). The rays rendered 
parallel by a lens at the end of a light-proof hood at A pass through a 
slit the width of which can be regulated through a movable parallelo- 
gram system operated by a screw at B. By means of this system it is 
possible to adapt the width of the band to the extent of the excursion, 
a convenience appreciated when recoids of very different amplitude 


2. Wiggers: Am. Jour. Physiol., 1914^ xxxiii, 385. 

3. Wiggers : Am. Jour. Physiol., 1914, xxxiii, 8. 
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need lo be recorded/ The band of HkIu is focused by a lens C on the 
small mirror of Ibc instrnmcnl and reflected as a band of light to the 
j)hotograi)liic kymograjdi, 

3. Plwtokymo(irapli . — Instruments for obtaining long records have 
been devised by ICdebnan'- and I'ranb/' Some personal experience with 
both of these pbolokymographs has led lo a selection from each of 
them of features which, for my purpose, were most desirable, and to 
their incorporation with certain other features in a new pholokynio- 
grapb (Fig. 3). 'I'lie fundamental mechanism used by ICdelman to 
jiropel the paper is retained, excLpl that the c.-nnera stands vertically 



Fig. 3. — Photokymograph showing internal mechanism when front is removed 
and door of box F open. Description in text. 


and all rollers move on conical pivots. The paper, 11.8 cm. wide, is 
fed from a roll 30 meters long and guided by two rollers, A and B. 
through a slot C and then made to pass between two rubber rollers 
D and E. The rubber roller A is moved at a definite speed by belting 
the pulley K with a motor and reducing gear. By rotating the knob L 
the roller E is pressed against the roller D and the paper is drawn 

4. For a discussion of this question see Garten : Tigerstedt’s irandbiich dcr 
physiologischcn Methodik, 1911, i, 100. 

5. Edclman: Description in catalogue of Edelman Company, Munich.^ 

6. Frank : Reported by Garten : Tigerstedt’s Handbuch der physiologischcn 
Methodik, i, 107. 
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through as by a wringer and passed through a slot into the box F. 
Here it is wound on a roller C by a spring attachment H as fast as it 
is fed into this box. This arrangement enables one to dispense with 
the enormous box of the Edelman apparatus, and is much simpler in 
construction than the complicated winding gear of Frank’s apparatus. 
At M a meter indicating the amount of paper rolled off is introduced. 
This meter is actuated as follows : The roller A is 10 cm. in circum- 
ference. As the paper passes over the roller it is ihaintained in perfect 
contact by a smaller roller and weak spring at N. During every 
revolution of roller A (which occurs each time that 10 cm. of paper 
has passed) a single tooth at its top engages in one of ten teeth of a 
sprocket wheel on which a pointer indicates the number of centimeters 
bn a dial. This sprocket likewise engages in a similar manner during 
every revolution with one of ten teeth of a second sprocket and its 
pointer indicates the number of meters on a second dial. In turning 
the knob L, the shutter is opened a short interval after the paper has 
begun to move. The band of light reflected from the mirror crosses 
the front of the camera as at 0-0'. At P is a scale on which the band 
can be focused and the extent of its movement determined. A vertical 
section of this band of light is focused as a line on the paper at C by 
the cylindrical lens R on which a scale of 2 mm. is etched. As in 
Frank’s photokymograph, a metal shade {Y, Fig. 4) prevents the light 
of an ordinary room from affecting the film unless the camera is faced 
toward a window. 

Instead of photographing on the paper the numbers of experiments 
or date which are visible only after development, it is found more 
desirable when long records are taken, to punch into the paper a set 
of perforations corresponding in number to the number of the obser- 
vation or experiment. This is accomplished by the device shown at T 
(Fig. 3), consisting (as shown in Figure 4 in its more lateral view) of 
a row of ten pointed rods (X), any number of which can be entered 
through the front of the camera by pushing the knob 6“. The rod Q 
controls the number of rods pushed in. 

After the termination of an experiment, the paper is cut off by a 
knife pushed in from behind, which also closes the camera. The slit in 
the box F is likewise closed by pushing in a slide. The entire box con- 
taining the roll of exposed bromid paper is removed to a dark room 
where, with the guidance of the perforations, the roll can be cut into 
strips convenient for development. I am indebted to the laboratory 
mechanic, Mr. James Evenden, not only for working out many details 
of the kymograph, but for many new suggestions in the process of 
construction. 




Photograph showing the mounting, alincmcnt and adjustment of apparatus 
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4. Mounting and Alincment of Apparatus. — The main features of 
the mounted apparatus and its relation to the animal board are evident 
without further description from the photograph of Figure 4. The 
band of light from the lamp A, set on the cement pillar, is focused on 
the small mirror of the upright manometer B and reflected to the 
photokymograph which is mounted on a separate pillar. The angle 
between incident and reflected rays is kept as small as possible. The 
band of light generated by the lamp C, mounted on an iron support 
clamped to the fixtures of the cement pillar, is focused on the mirror 
of manometer E, whence it is reflected through a small angle to the 
movable mirror D, and so a second time reflected to the optical camera. • 
Since the mirrors of these optical manometers could not be placed"-,, 
exactly 'in the same vertical plane as the axis of the cylindrical lens, 
the section of the light bands entering the camera would be brought to a 
focus at slightly different places on the paper ; hence it was necessary 
when accurate time relations had to be established to expose the paper 
briefly in the kymograph while stationary. As a rule, the correction 
was less than 1 mm. and for many purposes could be ignored. 

THE NORMAL PRESSURE CURVES AND THEIR TIME RELATIONS 

The normal pressure curves in the auricle, ventricle and carotid 
have been studied by optical manometers by Frank, Straub, Piper, 
Tigerstedt and myself. Although slight discrepancies exist in the 
curves obtained, it is possible to express the relations diagrammatically 
as judged by the combined work of all these investigators." 

Aortic Pressure (Plot J, Fig. 5). — Following the description given 
by Frank, the aortic pressure curve shows a more or less pronounced : 
auricular wave (1, 2, 3), a preliminary vibration (3, 4, 5) synchronous 
with the isometric period of ventricular contraction, the primary shock 
(5, 6) due to the sudden ejection of blood with the arteries; the 
systolic summit reached at 7, the slow fall terminating in the incisure 
at 8 which marks the end of systole. After this the pressure slowly 
falls in diastole. ,, 

Intraventricular Pressure . — The curve in the two chambers does 
not differ in its essential features, although the top of the left veil-- 
tricular curve (Plot II) is broader, that of the right (Plot III)- being 
more rounded or even peaked. The auricular contraction causes a 
wave (1, 2, 3), which is followed, after several confused vibrations by 
a rise (3-5) during which the semilunar as well as the auriculoven- 
tricular valves are closed, and hence the heart contracts isometrically. 
After the opening of the valves, the rise continues for a brief interval 


7. For reference see Wiggers: Am. Jour. Physiol., 1914, xxxiii, 382. 
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and the intraventricular pressure responds by a sliKlit though much 
damped oscillation to the primary rise 5, present in the arterial system. 
During the ejection period the contour corresponds to the top of the 
arterial curve since ventricle and arteries form a common cavity. The 
pressure continues to rise, and late in systole, reaches a summit (7), 
from which it gradually recedes to S, where the beginning of relaxation 
causes a sharj) droj> of pressure to the base line. In the right ven- 
tricle (Plot 111) the summit (7) is sooner reached and a more marked 
fall occurs during the ejection period to 8. 



Fig. 5. — Plot showing scinischcmrvtically the details of the pressure curves 
as determined by optically recording manometers; 1, normal aortic pressure; II, 
normal left ventricular pressure; HI, normal right ventricular pressure; IV, 
normal right auricular pressure; V, aortic pros.'^urc with low resistance; VI, 
left ventricular pressure with low resistance; VII, right ventricular pressure, 
low venous pressure; VIII, right auricular pressure, high venous pressure. 

Intra-Aiiricular Pressures . — There is no material diflcrence in the 
pressure waves of the two auricles (Plot IV, Fig. 5). Auricular systole 
causes the chief rise (1, 2) and diastole the first fall (2, 3). At the 
beginning of ventricular systole a short positive rise followed by a 
rapid negative drop of pressure occurs (3, 4, 5). It remains a question 
whether this represents more than a vibration of the auriculoven- 
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tricular valves, or whether, as is usually supposed, first a bulging of 
the auriculoventricular septum and later a downward movement occurs. 
Sometimes only a positive wave (3-4) occurs, at other times only the 
negative wave is present. Often no wave or oscillation of any kind 
appears. The factors that determine these variations are not estab- 
lished. During ventricular systole the pressure in the auricle rises 
because of a stasis. This rise continues unmarred except by an occa- 
sional vibration synchronous with the semilunar closure (8) until early 
diastole, when the auriculoventricular valves open and the auricular 
pressure falls. This does not occur until the ventricular pressure is 
very low (9) . 

Atypical Curves . — It may be pointed out that such typical curves 
are not uniformly obtained; in fact, they are never obtained unless 
special precautions are taken to counteract the deleterious influences of 
anesthetic and operative procedures. The chief variations encountered 
are due, in the aortic curve, to a low diastolic pressure ; in the auricular 
curve, to a low or high effective venous pressure, and in the ventricular 
curves to the resultants of both of these influences. A low diastolic 
pressure in the arteries (Plot V) causes the primary oscillation 5-6 to 
become greater and more pronounced, while the systolic summit at 7 is 
much lower and the incisure occurs nearer to the diastolic pressure 
level. The left intraventricular pressure curve in such cases (Plot VI) 
resembles more the pressure curve in the right ventricle or acquires 
a peaked appearance because its maximum is rapidly reached. 

The auricular pressure determines the gradient of the isometric 
rise, the curves becoming steeper with each increase in pressure. The 
contour of the ejection curve is also secondarily modified, ’as described 
in a recent contribution. A curve showing the type of intraventricular 
pressure curve when the venous pressure is low is shown in Plot VII. 

In the auricular curve the chief differences consist in the entire 
absence of the systolic vibrations already mentioned and a more rapid 
and complete rise of pressure during systole (Plot VIII). Occasion- 
ally, the pressure fails to fall materially at the opening of the tricuspid 
valves. The size of the auricular wave varies exceedingly. 

THE PRESSURE CURVES IN AURICULAR FIBRILLATION 

The characteristic pressure variations produced during experimental 
auricular fibrillation are best analyzed by reference to a number of 
records taken from seven experiments on the subject. 

In Figure 6 are shown simultaneous records of the subclavian 
(upper) and left auricular pressures (lower). The short record at A 
indicates the nature of the normal pressure curve just before the onset 
of fibrillation. In Record B is shown by contrast the effect of auricular 






CARL J. ' WIGGERS 


87 


fibrillation. In the intra-auricular curve there is an entire absence of 
an auricular wave such as is shown at 1, 2, 3 in the normal curve (A). 
Strong ventricular contractions are initiated by a sharp negative depres- 
sion (ci-b) followed by a sharp positive wave (b-c) as in the normal 
pulse. Weaker ventricular systoles, such as are marked I, II, III in the 
subclavian pulse, cause no such sharp valvular vibrations. They may, 
as in Wave I, produce merely a ripple in the intra-auricular curve, or 
after a negative depression (a-b) cause a wave which is either sharp as 
in Wave II or rounded as in Wave III. 

During diastole the pressure falls at V, which to judge from the 
interval after the closure of the semilunars is due, as in the normal 
pulse, to the opening of the tricuspid valves. In addition to the early 
systolic oscillations (a, b, c,) and the diastolic fall (v), there occur 
other waves of shorter duration. These waves were obtained in experi- 
ments in which careful observation failed to reveal any coordinated 
auricular contraction, and hence they cannot be attributed to attempts 
at coordinated auricular contractions. There is also no proof that the 
resultant effect of fibrillary contractions can create wavelets of as long 
duration as' these. When, at the end of experiments, the ventricle has 
entirely stopped and the still beating auricles are thrown in fibrillation, 
no waves are produced in the auricular pressure curves. It seems 
probable, therefore, that they are related to ventricular events not 
recorded in the arterial waves. Evidence that this is the case is pre- 
sented later on in the paper. According to this interpretation, the 
period between the lines M contains not two ventricular systoles as 
indicated by the subclavian pulse, but probably four systoles, each of 
whicii causes a c-v wave-group in the auricular pressure curve. 

The pressure changes which occur within the left ventricle during 
auricular fibrillation are shown in Figure 7, synchronous with the sub- 
clavian pressure curves. The isometric period (Anspannungszeit), as 
shown in Wave 2, extends from A to B, the ejection period from B 
to C. It is evident that systoles varying greatly in strength occur with- 
out definite order during auricular fibrillation. The differences in the 
systoles of different strength manifest themselves in the gradient of 
the upstroke, in the contour of the ejection period and in the slope of 
the relaxation curve.® It is obvious that the variations in the gradient 
of the upstroke and ejection period do not, as in hearts in which a 
normal rhythm exists, depend on the initial tension,® but rather on the 
interval between its onset and the end of the previous contraction. 
The waves occurring the shortest interval after systole are smallest 
and the rise is more gradual. According to this view, the waves num- 


8. For further details compare Wiggers ; 
382. 


Am. Jour, Physiol., 1914, xxxiii. 




systoles on right auricular pressure. Details described iu text. 
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bered 5, 3, 7, 10, 2 and 9 may be arranged as a series. When, however, 
an extra supply of energy is exhausted by two rapidly recurring sys- 
toles, the third wave (as at 8 and 11) may be very small even though 
a longer interval intervened. The rate of relaxation is directly related 
to the strength of systole ; partly, at least, because, in the weaker sys- 
toles, less blood is ejected, partly also, perhaps, because the inherent 
rate of muscular relaxation is slower, although no direct evidence for 
this is obtained (cf. e. g.. Waves 7, 2 and 6). 

The pressure of an aortic pulse curve as well as its shape depends 
to some extent on the strength of the ventricular systole, but is also 
governed by the height of the diastolic pressure at the end of the 
isometric period of cardiac contraction. Thus, while the gradient of 
the ventricular upstroke and the height of the curve in Waves 10, 13 
and 15 are not materially different, the size and shape of the corre- 
sponding arterial curves vary extensively. When the semilunar valves 
fail to open as in Wave 7, the second heart sound fails to occur, while 
in weaker contractions such as 3, 8 and 11, no sounds can be heard by 
a stethoscope applied to the dog’s heart. This is worthy of note in 
estimating the “pulse deficit” by auscultating for the heart sounds in 
auricular fibrillation. 

The previous records illustrate a class of cases of auricular fibrilla- 
tion in which the rhythm given by the ventricle, though irregular, 
carries on the circulation in a fairly normal fashion. In the experi- 
ment shown in Figure 7 the mean pressure in the arteries ranged 
around 90, and no auricular engorgement or tricuspid regurgitation 
occurred. Quite a different picture is given, however, by another class 
of experiments in which the efficiency of the ventricle is impaired. In 
Figure 8 is shown a section of a record from a case in which the heart 
was dilated, the venous pressure high and the carotid mean pressure 
averaged 27 mm. Each group of waves in a heart cycle becomes an 
interesting study of its own. In Group I, it is shown that the ventricle 
is still capable of giving strong beats. The intraventricular curve 
appears fairly normal in spite of some regurgitation, which is made 
evident in the auricular curve both by the sudden rise of pressure 
during ventricular systole and by the murmur vibrations created at a. 
In Group II, a vibration occurs in the ventricle, which corresponds 
exactly in time with the first vibration in the auricle. Little regurgi- 
tation probably occurred in this beat. In the auricles are produced a 
distinct c and v wave. During the attenuated systole, x y z waves cor- 
responding to a c rise and a v fall are present. Without an intraven- 
tricular pressure curve as a guide, these waves might be interpreted as , 
occurring during the diastole of the previous beat or cycle. The third 
wave group shows after a valvular vibration and at the. beginning of 
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the ejection period a sudden rise c, j, aj)i)arcnlly indicating that the 
tricus])id valves were suddenly renderefl incompetent during the height 
of the ejection period and permitted a sharp regurgitation. In the 
fourth group marked out, two weak ventricular systoles cause no 
regurgitation, hut j)rodnce a series of four distinct waves comparable 
to the f and v waves e.Kplained in I'ignre 6, .Similar ventricular con- 
tractions are, however, accompanied by a regurgitation. 'J'his occurs 
in the two waves of ( jr<ju[) \' , as shown by the immediate and sustained 
increase of pressure in the auricle as well as by the murmur vibration 
superimposed at n. 'riie chief deviation of the intraventricular pres- 
sure curve consists in the slow rate of rela.xation which might result 
from a high degree of tonus or be due to a great accumulation of blood 
within the ventricle because the average .‘;y.‘>tole occurs with too little 
vigor, .Since the vigor of the sy.^tole i.s inversely related to the fre- 
ciuency of the ventricular contraction, it is apparent that the most cfil- 
cient circulation will be maini.ainecl in auricular filiriliation when the 
beats are initiated somewhat slowly. 1 ‘ndoubtedly, the well-known 
beneficial influence due to digitalis in such eases is due to this fact. 


.Sf.M.MAHV 

The details of the pressure changes in the auricles, ventricles and 
aorta during auricular filiriliation were studied by means of optically 
recording manometers of high vibration frcriuency. 

Iniya-Auricnlar Ciinr . — In experimental animals the fibrilialing 
contractions in the auricle in themselves produce no intra-auricular 
pressure waves. The strong ventricular contractions cause a sharj) 
oscillation in the auricle during early .':ystole, while weaker contractions 
often cause a single rounded wave or a double oscillation similar to 
c and 7f waves of the normal pulse. When, as often happens, two or 
three weak contractions which produce no pulse in the arterial system 
follow each other, a scries of small waves arc created in the auricle 
(two to each ventricular systole) which gives the erroneous impression 
that they occur during ventricular diastole. 

IntravcnlriciAar Pressure Curve. — 'J'he intraventricular pressure 
curves show that the ventricle contracts at a very irregular rate. The 
height of the pressure and the gradient of the isometric rise before the 
semilunar valves open is determined largely by the interval between 
contractions. Hence, whenever the pace is set too rapidly a scries of 
inefficient systoles resvdts which may cause the arterial pressure to fall 
and the ventricle to dilate. As these weaker contractions often begin 
before the a-%> valves are open and are not strong enough to open the 
semilunar valves, it follows that such contractions may be accompanied 
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by no audible sound. It is important to realize this clinically in estimat- 
ing the ventricular rate by auscultation in such cases. 

Central Arterial Pulse . — Since the aortic pressure is affected only 
by those systoles which elevate intraventricular pressure above the 
arterial diastolic pressure, it follows that the contour and amplitude of 
the arterial waves depends not only on the strength of ventricular con- 
traction, but on the diastolic pressure as well. Since the venous pulse 
tracings taken from the supraclavicular region are always complicated 
by arterial impacts from the central arteries, the failure to recognize 
this may lead to misinterpretation of the systolic wave groups. The 
failure to recognize that the arterial pulse amplitude is not a criterion 
of the strength of the heart-beat in such cases has given rise to the 
erroneous impression that the strength of the ventricular systoles 
follows no law, whereas the intraventricular pressure curves show that 
the vigor of ventricular systole is largely governed by the time relations 
between contractions. 


477 First Avenue. 



THE DLSTRlBirnON OF JODIN IN THE CELL FOLLOW- 
ING ADMINLSTRA'l'ION OF ORGANIC lODIN 
PREPARATIONS 


FKAXKLIX C McLF-AK, M.S., M.D. 

I'OUTI.ANU, Oi'K. 


Ill a previous conumuiicatioiF results of analyses of tissues iverc 
given, showing essential differenres in the distribution of iodin in the 
various constituents of the cell after administration of dilTerent iodin 


prejiarations. It was believed that a further series of analyses might 
serve to confirm these results, and throw light on the fate of various 
organic iodin preparations in the body. It had been previously shown 
by other investigators that after administration of iodized fats a larger 
relative proportion of iodin was found in the organs rich in lijioids. 
such as the brain, spinal cord and liver. 'J'heir results had been taken 
to show that these iodized fats were absorbed in a lipoid soluble form, 
and were held by the lipoids in the cells, 'i'his being the case, these 
substances should produce a relatively larger amount of iodin in the 
lipoid fraction, after e.xtraction and separation of the tissue elements 
according to Koch’s method." 


Tn order to establish the results, it was necessary to demonstrate 
that after mixing various iodin preparations with liver tissue, the tissue 
originally chosen for the experiments, these substances would follow 
their solubilities during the e.xtraction process. By a comparison of 
the results of analyses following mixture of the substances with liver 
tissue, and analyses of liver following administration of the prepara- 
tions to live animals by diftcrent methods, some idea has been obtained 
as to the changes in these substances during the process of absorption. 

The experiments were carried out in practically the same manner 
as those previously reported. Extraction of the lipoids, separation of 
the water-soluble constituents, etc., was done by the method of Koch. 


* Submitted for publication July 17, 1914. 

* From the Laboratory of Pliarmacology, University of Oregon, Department 
of Medicine. 

* Investigation supported in part bj' a grant from (he Committee on Thera- 
peutic Research, Council on Pliarmacj' and Chemistry, American Medical 
Association. 

1. McLean, Franklin C. : Organic Iodin Preparations, Their Pliarmacology 
and Therapeutic Value, The AncinvES Int. Med., 1912, x, 505. 

2. Koch, W. : Jour. Am. Clicm. Soc., 1909, xx.xi, 1330. 
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All iodin determinations were made by the method described by 
Hunter,^ with the slight modifications suggested by F. C. Koch.^ 

The following protocols and accompanying tabulation show the 
results of the experiments made. For the sake of completeness, the 
results of the four experiments heretofore reported are included, as 
Series A. 

EXPERIMENTS WITH POTASSIUM lODID 

Experiment V. — ^Feb. 4, 1914, 20 gm. liver mixed with 5.2 mg. potassium iodid 


and put in alcohol immediately. 

Mg. I per Gram 

Per Cent. 

Analysis: 

Fresh Tissue 

Distribution 

Protein residue 

.000 

00.0 

Lipoid 

.071 

34.1 

Water-soluble, alcohol-soluble. . . 

.137 

65.8 


.208 


Experiment VI. — Feb. 4, 1914, 20 gm. 

liver mixed with 

5.2 mg. potassium 

iodid and allowed to stand one hour at room temperature 

before mixing with 

alcohol. 




Mg. I per Gram 

Per Cent. 

Analysis : 

Fresh Tissue 

Distribution 

Protein residue 

.000 

00.0 

Lipoid 

.0761 

32.3 

Water-soluble, alcohol- soluble. . . . 

.159 

67.6 


.2351 


Experiment IX. — Rabbit 2,000 gm. 



April 6, 1914, 0.3 gm. potassium iodid subcutaneously. 


April 7, 0.3 gm. subcutaneously. 



April 8, 0.3 gm. subcutaneously, 9 :30 a. 

ni. 


Killed by bleeding 5 p. m. ; weight of liver 54 gm. Liver showed marked 

fatty changes; 20 gm. of liver taken for analysis. 



Mg. I per Gram 

Per Cent. 

Analysis: 

Fresh Tissue 

Distribution 

Protein residue 

.000 

00.0 

Lipoid . 

.0697 

30.5 

Water-soluble, alcohol-soluble. . . . 

.1586 

69.4 


.2283 



Experiment V-A. — Rabbit, 1,600 gm. 

July 22, 3 p. m., 0.8 gm. potassium iodid in water by stomach tube. 

July 23, 9 a. m., 0.5 gm. potassium iodid in water by stomach tube. 

July 23, 10:30 a. m., killed by bleeding from neck. Weight of liver 65.95 gm. 


Analysis : 

Mg. I per Gram 

Per Cent. 

Fresh Tissue 

Distribution 

Protein residue 

.000 

00.0 

Lipoid (alcohol-soluble, water-in- 



soluble) 

.032 

32.0 

Alcohol-soluble, water-soluble 

.067 

67.0 


.099 



. 3. Hunter : Jour. Biol. Chem., 1910, vii, 321. 

4. Koch, F. C. : Jour. Biol. Chem., 1913, xiv, 101. 
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THE ARCini'ES or JXTEIiXAL MEPICIXE 


»;Ni’i;itiMi;NTS with iohamiis 


ExfKiiiMfNT I.— I'd). 4, 
allowed to ?t:in(l one linnr 


1914, 20 uni. liver mixed with 20 inj,'. iodalbin, and 
at room tempcr.atnrr before mixing with alcohol. 


Aualysis: 

•Mp. I per Gram 

Per Cent. 

I'resh 'Pissne 

Distribution 

Proioin residue 

.0362 

42.1 

Lifjoid (alcohnU,st)ltjl)le, water- in 

1- 

soluble) 

.0170 

20.8 

Alcohol-suluhle, water-'-oluble. . . 

.0317 

0,858 

36.9 

ExmtiMi.NT ll.-™Feb. 4. 1914, 20 pm. 
put in alcohol immediately. 

liver mixed with 20 

mp. iodalbin 

Mp. 1 jter Gram 

Per Cent. 

Analysis: 

h'resh Tissue 

Distribution 

Protein residue 

. .0558 

45.1 

Lipnid 

.0412 

3.13 

\Vater*s<>lid>le» alcohnl-stdnMe^ . . 

.0267 

.12.37 

21.5 


HxntfiMjr.xT VI-A.— R.abl)it, !./V>3 ^-m. 

July 25, 3 p. m.. 2 pm. iodalbin in .‘.odimn bic.irboiiate .solution by stonmeb 
tube. 

July 26, II :45 a. m., 2 pm. iodalbin in sodium bicarbonate solution by .stomach 
tube. 

July 26, 2 p. m., killed by blcediup frf)m neck. Weipht of liver, 70.45 pm. 


^^p. I per Gram 


Analysis: Fresh 'I'issuc 

Protein re.siduc O.CKX) 

Lipoid (alcohol-soluble, waler-in- 

.soluble) .014 

•Alcohol-soluble, water-soluble..., .04.1 


Per Cent. 
Distribution 
00.0 

24.5 

75.4 


.057 


r.xrr.HtMi’.NT.s with .s.ejoiu.v 

Exi’r.ntMi’.NT III. — Feb. 4, 1914, 20 pm. liver mixed with 26 mp. s.njodin and 


put in 

alcohol immcdiaidy. 

I per Gram 

Per Cent. 

Aualxsis: 

Fresh Tissue 

Distribution 


Protein residue 

.000 

00.0 


Lipoid 

.111 

S9.8 


Water-soluble, alcohol-soluble, . . • 

,0126 

.1236 

10.1 


Exi’iauMKNT IV. — Feb. 4, 1914, 20 pm. liver mixed with 16 mp. sajodin and 
allowed to .stand for one hour at room temperature before mixinp with alcohol. 


Mp. I per Gram 


Analysis: Fresh Tissue 

Protein residue .000 

Lipoid -072 

Water-soluble, alcohol-soluble.... .023 


Per Cent. 
Distribution 
00.0 
83.0 
16.9 


.195 

ExrnRiMr.NT II-A — Rabbit. 1,790 gm. 

June 24, 0.3 gm. sajodin in olive oil subcutaneously. 
June 25, 0.3 gm. sajodin in olive oil subcutaneously. 
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June 26, 9:30 a. m., 0.5 gm. sajodin in olive oil subcutaneously. 

June 26, 1 :30 p. m., killed'.by bleeding from neck. Weight of liver 54.9 gm. 

Mg. I per Gram Per Cent. 

Analysis: Fresh Tissue Distribution 

Protein residue • -000 00.0 

Lipoid (alcohol-soluble, water-in- 
soluble) .0106 . 62.7 

Alcohol-soluble, water-soluble.... .0063 37.3 

.0169 

Experiment IV-A. — Rabbit, 1,400 gm. 

July 17, 2:10 p. m., 2 gm. sajodin in alcohol by stomach tub . 

July 18, 9:30 a. m., 2 gm. sajodin in alcohol by stomach tube. 

July 18, 1 :30 p. m., killed by bleeding from neck. Weight of liver 49.5 gm. 

Mg. I per Gram Per Cent. 

Analysis: Fresh Tissue Distribution 

Protein residue .010 6.4 

Lipoid (alcohol-soluble, water-in- 
soluble) .082 52.9 

Alcohol-soluble, water-soluble .063 40.6 


EXPERIMENTS WITH lODIPIN 

Experiment VIII. — Rabbit, 2,950 gm. 

Feb. 18, 1914, given 7.3 c.c. iodipin (10 per cent.) subcutaneously. 

February 19, 7.3 c.c. subcutaneously. 

February 20, 7.3 c.c. subucutaneously. 

February 21, 7.3 c.c. subcutaneously, 10 a. m. ; 2 p. m., killed by bleeding; 
weight of liver 100 gm. ; 20 gm. of liver taken for analysis. 

Mg. I per Gram Per Cent. 

Analysis: Fresh Tissue Distribution 

Protein residue .000 00.0 

Lipoid .0052 55.9 

Water-soluble, alcohol-soluble .0041 44.0 

.0093 

Experiment VII. — Rabbit, 3,400 gm. 

Feb. 18, 1914, given 8.5 c.c. iodipin (10 per cent.) by stomach tube. 

February 19, 8.5 c.c. rectally. 

February 20, 8.5 c.c. rectally. 

February 21, 8.5 c.c. rectally, 10 a. m. ; 2 p. m., killed by bleeding; weight of 
liver 82 gm. ; 20 gm. of liver taken for analysis. 

Mg. I per Gram Per Cent. 

Analysis: Fresh Tissue Distribution 

Protein residue .000 00.0 

Lipoid .0359 77.3 

Water-soluble, alcohol- soluble .0105 22.6 


.0464 


experiments with iodival 
Experiment XI. — Rabbit, 2,000 gm. 

April 6, 1914, 1 gm. iodival subcutaneously, with alcohol. 

April 7, 1 gm. subcutaneously. 

April 8, 1 gm. subcutaneously, 9 :30 a. m. ; 5 :30 p. m., killed by bleeding ; 
weight of liver 69 gm. ; 20 gm. of liver taken for analysis. 

Mg. I per Gram Per Cent. 

Analysis: ^ ^ Fresh Tissue Distribution 

Protein residue .000 00.0 

Lipoid .0190 81.8 

Water-soluble, alcohol-soluble..., .0042 18.1 


.0232 
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Exit-kimk.vt Xll.—Ualibit, 2,000 Rm. 

Aprjl 6, 19M, I Rm. iodival ^tll)C^ltanC'ously, with alcohol. 

April 7, 1 Rill, .«:ubculancously. 

April 8. 1 Rm. .suhrutaiicously, 9.\10 a. ni.; 5:30 p. m., killed hy hlccditig: 
weiRht of liver n riii. 

, , . Mr. 1 per Grain Per Cent, 

Avaiysts: l''rc5li Ti.'iMic Distribution 

Protein re.sidue .000 00.0 

Dipoid .0126 75.0 

Water-.'-olnble, alcoliol-.soluble. . . . .0042 25.0 

.nifvS 


\' 

Taui'i.mion 

Polassiarr: Iodid: 
Mixed with . . 

or I<rs^l,T^ or b'xri i imi .s■T^ 1 

Per (.*eiit. I Per Cent. I 
in Protein Re>., in l.ipoitl 

(K)0 .H.l 

i’er Cent. I in 
Water- 
Soluble, 
.Alcoliol- 
Solublc 

65.8 

VI 

Mixed with livsue,,. 

(RO 

.42.3 

U7X} 

IX 

Stjhcutanenu^ 

(K).0 

:>o,5 

(FA 

v-.\ 

Bv stomnch 

(DO 

32.0 

67.0 

I 

lodtdbin: 

Mixed with li**''tie... 

'52. 1 

20 8 

X)*) 

n 

*\fixcd with tissue.,. 

-I.rl 


21.5 

VI- A 

Bv stomach 

(DO 

24.5 

75.4 

HI 

Sajoditt: 

Mixed with 

m.t) 

8'J.8 

10.1 

IV 

^tixed witli , . 

(yi.o 

83 0 

16.9 

1 1- A 

Siihctitnnmitslv 

ID.O 

63 7 

37.3 

IV-A 

Bv stomach 

6.4 

52.9 

40.6 

Vfll 

lodif'in: 

Subciitaiieoit^Iv 

00.0 

55.0 

44.0 

VII 

Bv rectum 

(R(l 

77.3 

22.6 

XI 

Iodival: 

Suhculaneouslv 

00.0 

SI. 8 

18.1 

XII 

Suhculaueouslv 

00.0 

75.0 

25.0 


It will he seen that the distrilnition of iodin after pota.'^siiun iodid 
is remarkably eotislant. whether the substance he mi.xcd directly with 
Ih.e tissue, or administered subculaneotisly or by the gastro-intcstinal 
tract. 'J'he distribution of potassium iodid serves, therefore, as a com- 
parison, as only one-third of the iodin remains with the lipoid fraction 
during the process of separation of the fractions. The iodin products 
of fatty acids, however, .show a marked increase in the iodin of the 
lipoid fraction As is to be expected, this lipoid distribution is the 
greatest when the substance is mixed directly with the tissue, as no 
opportunity is offered for the splitting of the combination. In every 
case of administration of an iodin product of a fatty acid by Avhatcver 
method there is a decided increase in the relative amount of the iodin 
of the lipoid fraction. In the ease of iodalbin the results were exactly 
what were to be expected. We had previously shown^ that much of 
the iodin of iodalbin was in very loose combination with the protein, 
while some seemed to be more firmly bound. Extraction by the Koch 
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method left from 42 to 45 per cent, of the iodin recovered with the 
protein fraction, the remainder being practically evenly distributed 
between the two otlier fractions. When the substance was given by 
mouth it was apparently all absorbed in a water-soluble form, as none 
of it was left in the protein residue. This does not, of course, exclude 
the possibility of some of it being absorbed as an iodin product of an 
amino-acid. 

The foregoing results apparently establish the Lipotropic theory of 
Loeb,® and demonstrate beyond a doubt that the iodized fatty acids are 
absorbed in a lipoid-soluble form and are taken up by the lipoids of 
the cells. The greater amount of iodin found in the brain and other 
lipoid-rich tissues by Loeb is thus explained. These iodized fatty acids 
may, as suggested by Meyer and Gottlieb, circulate in the body as 
indifferent or inactive substances, be deposited in indifferent locations, 
and give off free iodin and allow it to act wherever the necessary con- 
ditions are present. This also explains the relatively more even excre- 
tion of these substances. 

CONCI.USIONS 

The method used is suitable for comparing the distribution of iodin 
in the cell after administration of various preparations. 

The iodin derivatives of fats and fatty acids are absorbed in a 
lipoid-soluble form after administration by the gastro-intestinal tract 
or subcutaneously, and are taken up and held in part by the lipoids 
of the cells. 

lodalbin loses its identity during the process of absorption, and 
its iodin appears in the tissues entirely in water- or alcohol-soluble 
combination. 

761 Lovejoy Street. 

5. Loeb' : Arch. f. exper. Pathol., 1907, Ivi, 310. 

6. Meyer and Gottleib: Pharmacologic, Berlin, 1911, p. 358. 



STATISTICS OF PELLAGRA IN SPAR'J'ANBURG COUNTY, 
S. C, INCLUDING GEOGRAPHICAL DISTRIBUTION 
OF THE DISEASli: AND FJ'S RELATION TO 
RACE, AGl-:, S]^X AND OCCUPATION 


J. K SILER. M.D., P. E. GARRISON, M.D. 

,\Nn 

W. J. MacNEAL, M.D. 

Ni:\v Yn!:K 


Gi:oG»AriiirA». DiSTinnrTio.v a.vi) kacial Di.sTKimnjox oi- i'Iillagra 

JK SJ'AUTAXUGKC, ('OUNTV 

llie geographic.'il distrilmtion of |)dl.'ij,^ra in Spartanhurjj^ County 
was considcrcti in detail in the Projp-e.*;^ Report.* In j;cncral, it 

was found that morbidity tended to vary directly with conjrcstion of 
population, althout;h this relationship was markedly disturbed by other 
factors. The villat^es of the eajttotj mills showed the hij,dtcst morbidity 
and, when their poj)ulation was excluded from the fit^ures, the mor- 
bidity rate for the city dwellers was about the same as iti the neigh- 
boring rural population, althou.iih somewhat above the morbidity of the 
rural popidation of the county as a whole. 

The cases of pellagra in Spartanburcr County on our records at the 
end of 1912 included 257 white pcrsotis and iweniy-five colored (ne^ro 
and mixed blood), represent intf a morbidity of ‘15 per 10,000 whites 
and 9.5 per 10,000 colored population. 'I'his dilTerencc was not 
regarded necessarily as evidence of nicial resistance to pellagra on 
the part of the negro ])opulation, but it was thought that industrial 
conditions might account for it to a large extent." 

The field work of 1913 has added to our records of the number of 
cases in Spartanburg County, bringing the total number of recorded 
pellagrins up to 847. In 780 of the cases we know the race of tlic 
patient and the place in which he lived at the time the disease was 
recognized. Of these, 6S0 were white and 100 colored. W'c have 
obtained from the Census Bureau of the United States Department of 
Commerce and Labor, racial statistics of the population of the minor 
civil divisions of Spartanburg County. Our data enable us. therefore, 
to inquire into the total morbidity and the racial morbidity from 
pellagra, not only in the county as a whole, but also in each of tbc.se 
various minor civil divisions, which present differences in industrial 
and living conditions. The data arc presented in Table 1. 

* Submitted for public.'ition July 18, 1914. 

''■■From the Division of Tropical Medicine, Department of the Laboratories, 
New York Post-Graduate !Mcdical School and Hospital. 

1, Siler, J. F., and Garrison, P. E. : Am. Jour. Itlcd. Sc., 1913, cxlvi, No. 7, 46; 

First Progress Report, p. 21. , 

2. Siler, J. F., and Garrison, P. E. ; .'\m. Jour. kicd. Sc., 1913, cxlvi, 51 ; First 

Progress Report, p. 26. 
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The general geographical distribution of the total 780 cases of 
Table 1 is not significantly different from that shown by the work of 
the previous year. The highest morbidity was found in the township 
of Spartanburg and it was somewhat higher (182 per 10,000) in the 
population of this township outside the city of Spartanburg proper 
than within the city limits (153 per 10,000). The only other township 
with a morbidity approaching these figures was Township E, 127 per 

10.000, in which a large portion of the population lived in one mill- 
village. The townships devoted more especially to agriculture showed 
relatively much lower morbidity rates. It is probable that we have 
obtained somewhat less complete records of the actual cases existing 
in the rural districts, but we do not believe that this can account for 
the marked difference shown. Pellagra in the farming sections showed 
a distinct tendency to occur in definite foci of limited extent, in which 
a considerable proportion of the population was affected. In some of 
these foci the pellagra morbidity approached the figures observed in 
villages, but on the whole the rural pellagra morbidity was relatively 
low. We are compelled to believe that the population of the city and 
of the villages was, in the aggregate, much more subject to pellagra 
than the population of the country districts. In other words, higher 
pellagra morbidity was correlated with congestion of the population. 

Within the city of Spartanburg, one small ward was practically 
free from pellagra, namely. Ward 3. The disease was most prevalent 
in the unsewered wards, 5 and 6, inhabited largely by the families of 
mill workers. The population of Spartanburg township outside of the 
city limits also showed a relatively high pellagra morbidity, 182 per 

10.000. This population included the inhabitants of several mill- 
villages, together with a considerable agricultural population. 

In all the townships the pellagra morbidity in the white population 
was considerably greater than in the colored. This was probably due 
in part to the fact that negroes were not employed in the cotton-mills 
and relatively few of this race lived in the mill-villages where the 
disease was most prevalent. It is also probable that our records of 
negro pellagrins are somewhat less complete than for pellagrins of the 
white race, although we do not believe that the discrepancy is very 
great. In general, it may be said that the negro population was more 
widely scattered than the white, being less than half as numerous in 
the first place and living for the most part on farms, except the 6,873 
in Spartanburg city. In the principal negro section of the city, in 
Ward 1, the negro population was nearly equal in numbers to the white 
and in this ward the pellagra morbidity of the two races was approxi- 
mately equal, 123 and 121 per 10,000. The financial status and gen- 
eral sanitary surroundings of the white people in this ward were on 
the average much better than for the negroes. The latter race lived in 
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TABLE 1. — Pellagra Morbidity of Whites and Negroes in the Townships 

OF Spartanburg County 


Township 

White 

Negro 

i 

Total 

Popula- 

tion 

Pella- 

grin 

Morbid- 
ity per 
10,000 

* Popula- 
tion 

Pella- 

grin 


Popula- 

tion 

Pella- 1 
grin 

1 

Morbid- 
ity per 
10,000 

Oampobello 

6,587 

23 

35 

2,092 

4 

19 

8.679 1 

27 

31 

B. Cherokee 

4,147 

' 29 

70 

1,103 

1 

9 j 

5,250 1 

SO 

57 

0. Beech Springs 

8,359 

64 

1 77 

3,714 

S 

8 1 

12,073 

67 

55 

D. Spartanburg 

21,143 

448 

212 

10,208 

72 

71 

31,354 I 

520 

166 

E. Pacolet 

3,576 

62 

173 

1,921 

8 

42 

6,501 

70 

127 

E. Keidville 

4,562 

31 

68 

2,312 

D 

43 

6,874 

41 

60 

G. ^Valnut Grove 

1,128 

2 

18 ] 

1,315 

H 

8 

2,443 

3 

12 

H. Glenn Springs 

1,768 

2 

11 ! 

1,176 

0 1 

0 

2,944 

2 

7 

1. Woodruff 

2,982 ' 

^ 1 

20 

1,398 

0 

0 

4,380 

6 

14 

J. Cross Anchor 

2,796 

13 

46 

1,171 

1 ^ 

9 

3,967 

14 

35 

Total 

57,048 

680 

119 

26,410 ' 

100 

88 

83,465 

780 

93 


TABLE 2. — Pellagra Morbidity of Whites and Negroes in the Minor Divi- 
sions OF Spartanburg Township 


Locality 

White 

1 

Negro 

Total 

Popula- 

tion 

Pella- 

grin 

Morbid- 
ity per 
10,000 

j Popula- 
1 tion 

1 Pella- 
grin 

j Morhid- 
' ity per i 
10,000 

! 

Popula- 
tion 1 

Pella- 

grin 

Morbid- 
ity per 
10,000 

Ward 1 

2,476 

30 

121 

2,366 

29 

123 

! 

4,843 ' 

59 

122 

Ward 2 

1,380 

20 

145 

1 451 

4 

89 

1,831 ! 

24 

131 

Ward 3 

445 

, 1 

22 

64 

0 

0 ! 

509 1 

1 

1 

20 

Ward 4 

2,450 

’ 34 

1S9 

1,972 

13 

66 1 

4,424 

47 

106 

Ward 5 

973 

33 

339 

540 

4 

74 , 

1,513 

37 

245 

Ward 6 

2,917 

! 

86 

295 

1,480 

14 

95 ■ 

4,397 

100 

j 

227 

Total for city of Spar- 










tanburg 

10,641 

204 

192 

6,873 

64 

93 

17,517 

268 

153 

Township, excluding the 








1 


city 

10.502 

244 

232 

3,335 

8 

24 

13.837 

j 252 

182 

Township, total 

21,143 

448 

212 

10,208 

72 

71 

31,354 

520 

166 
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a wholly imsewered section in poorly constructed dwellings, while 
many of the white residents of this ward were of the well-to-do class 
living in well appointed homes. It would appear that the negroes in 
Spartanburg County have, as a race, been somewhat less subject to the 
disease than the white population. The difference is not sharp enough 
to warrant the belief in a distinct racial immunity of negroes, and it 
doubtless depends to a considerable extent on living conditions. 

The smaller number of negroes present and the fairly complete 
social segregation of the races rendered association of negroes with 
pellagrins comparatively much less common. The negroes associated 
hardly at all with the white mill-village population and their closest 
social relation with the white race was doubtless in the capacity of 
household servants in the more well-to-do white families. 

So many undetermined factors enter into the relationship that it 
seems unwise at this time to draw any very definite conclusions in 
regard to racial resistance to pellagra. We are inclined to believe that 
negroes as a race are only slightly, if at all, less susceptible to pellagra 
than the white population, and that the racial difference shown in our 
statistics for Spartanburg County is dependent to a large extent on the 
influence of other factors. 

Synopsis . — The geographical distribution of pellagra in Spartan- 
-burg County has been very uneven, the morbidity being much higher 
in those townships in which the larger centers of population were 
situated and especially in the industrial communities surrounding the 
cotton-mills. 

The disease was about three times more prevalent in the white 
population as a whole than in the negroes, but this ratio is not con- 
sidered to be a true measure of the relative racial resistance to pellagra, 
but rather as the end-result of the influence of several factors, in part 
undetermined. 

THE DISTRIBUTION OF PELLAGRA ACCORDING TO AGE AND SEX 

The distribution of pellagra in respect to age and sex was discussed 
in the First Progress Report,® in which 282 cases then on our records 
were studied from this standpoint and compared with similar compila- 
tions of other published data. At the end of our field work in 1913, 
we have been able to compile data in regard to the age and sex of 740 
cases in Spartanburg County, out of the total 847 cases of which we 
were able to obtain records, and it seems probable that these 740 cases 
represent a much larger proportion of all the cases which have, actually ' 
occurred in this county than has been previously obtained in a unit 
population of comparable size. Further than this, we possess approxi- 
mately complete data concerning the age and sex of 257 pellagrins 

3. Siler, J. F., and Garrison,' P. E.: Am. Jour. Med. Sc., 1913, cxlvi, 44; First 
Progress Report, p. 31. 
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living" in seven cotton-mill villages, six in Spartanburg County and one 
in Union County, S. C., "which were studied by house-to-house canvass. 
In these villages we learned the age and sex of 131 pellagra patients in 
whom the first attack occurred in either 1912 or 1913, and this figure 
Avould seem to represent nearly the total number of cases incident 
there in these two years. Further, the complete census data on the 
population of these villages are available in our records. The oppor- 
tunity is thus presented for a more satisfactory study of the distribu- 
tion of pellagra according to age and sex than has been possible here- 
tofore. 

Pellagra Morhidiiy in Spartanburg County.— Oi the 740 available 
cases in the county, 528 were females and 212 were males, a ratio of 
nearly to 1. For the present study it has not seemed worth while 
to consider the age of these individuals at the time the disease origi- 


TABLE 3. — Distribution of Pkllagra in Spartanburg County According to Age by 

Five-Year Periods 


1 

Age 

0*4 

5-9 

10-14 

15-19 

20-24 

25-29 

30-24 

35-39 

40-44 

Females.... 

18 

27 i 

15 

26 

6S 

89 

88 

68 

44 

Males 

22 

34 

17 

10 I 

1 

11 

11 

8 

14 

13 

Total.... 

40 

1 

61 1 

32 

! 

30 

79 

1 

100 1 

1 

1 

96 

82 

57 

Age 

45-49 


55-59 

1 

i 

60-64 

65-69 

70-74 

75-70 

1 80-84 

I Total 

Females... 

20 

21 

17 

14 

4 

1 

1 

1 0 

2 

1 

1 

528 

Males 

15 

15 

14 

16 

8 

I-i 

1 

2 

212 

Total — 

41 

so 

1 

31 

SO 

12 

1 

3 

3 

740 


nated, but they have been tabulated according to age at the time the 
case was recorded in 1912 or 1913. Chart 1 shows the age distribution 
of the total 740 cases, each individual being indicated by a plus sign 
in the column corresponding to the year of his age. Chart 2 shows 
the age distribution of the 528 female pellagrins and Chart 3 the 212 
male cases. Certain inaccuracies are obvious in these figures, par- 
ticularly the tendency for an excessive number of individuals to “occur 
at the ages 25, 30, 35, etc., indicating that the exact age was sometimes 
not ascertained ; and further the excess of individuals in the thirteenth 
year of age, which is undoubtedly an inaccuracy, probably resulting 
’ from evasion of the child-labor law, which has fixed the minimum age 
of mill-workers at 12 years. 

Grouping together the cases in each five-year period, the distribu- 
tion shown in Table 3 is obtained . 
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Chart 1. — Distribution of the 740 recorded cases of pellagra in Spartan- 
burg County, according to age at time of record. 



Chart 2. — Distribution of the 528 recorded female pellagrins in Spartanburg 
County, according to age at time of record. 



Chart 3. — Distribution of the 212 recorded male pellagrins in Spartanburg 
County, according to age at the time of record. 
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The data of Table 3 are shown in graphs in Chart 4. 

By comparing the number of recorded pellagrins with the number 
of individuals in the county according to the United States Census of 
1910, it has been possible to obtain an idea of the comparative pellagra 
morbidity in the age groups shown by the census returns. The data 
arc shown in Table 4. 



Chart 4. — Distribution of recorded pellagrins in Spartanburg County, accord- 
ing to age at time of record, grouped by five-year periods. 


TABLE 4. — Comparative Pellagra Morbidity in Spartanburg County in 

THE Various Age Periods 



1 

Females 



Males 

j 


Total 


Age 

' Popula- 

PeUa- 

Morbid- 

Popula- 

! 

Pella- 

Morbid- 

Popula- 

Pella- 

Morbid- 


i lion 

i grins 

1 ity per 
10,000 

tion 

grins 

ity per 
10,000 

tion 

grins 

ity per 
10,000 

0-4 

7,431 

18 

24 

7,763 

22 

28 

15,194 

40 

26 

5-9 

4,354 

27 

62 

4,490 

34 

76 

8,854 

61 

69 

10-19 

10,954 

41 

37 

10,906 

27 

25 

21,860 

68 

31 

20-44 

13,417 

357 

267 

12,822 

57 

44 

26,239 

414 

158 

Over 44. , , . 

5,509 1 

85 

154 

6,652 

72 

127 

11,161 

157 

141 

Total.... 

41,675 

528 ‘ 

127 

1 

41,633 

212 

51 

83,308 

740 

89 


The data of Table 4 are presented in graphic form in Chart 5. 
Unfortunately, it is possible to locate only five points on each of these 
curves, because census data for smaller groups of the population are 
not available. 
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The figures are not very large, but they are large enough to indicate 
clearly that pellagra tended to attack children after their second' year 
and that females from 11 to 17 years of age and males 13 years old and 
over were distinctly less frequently afflicted with the disease. After 
the seventeenth year pellagra morbidity has been increasingly higher 
in females; the number of cases rising rapidly until the age of 30, after 
which age the number of cases for each year gradually diminished, 
although the morbidity rate per 10,000 population remained high up 
to the period of old age (see Charts 2, 4 and 5). In males, on the other 
hand, there was observed no such sharp increase in pellagra, but only 
a slight and gradual rise in the number of cases, beginning at about 



Chart 6. — Distribution of the 253 pellagrins (183 females and 70 males) 
present in 1913 in the seven villages, I., W., P., Sa., A., Sp. and B., according 
to age at onset of the disease. 

the twenty-third year. The morbidity rate for males reached its 
maximum in old age, when it was approximately equal to the rate for 
females of similar age. 

Pellagra Morbidity in Seven Closely Studied Mill-Villages. The 
intensive house-to-house study of the population of the selected cotton- 
n)ill villages, which constituted the chief epidemiological feature of the 
work of 1913, has furnished an opportunity to study with peculiar 
accuracy the age and sex distribution of pellagra in a population in 
which the disease was excessively prevalent. For the present study we 
have available the approximately complete data in regard to age and 
sex of all pellagrins and of total population for six villages in Spartan- 
burg County, designated as I., W., P., Sa., A. and Sp., and one mill- 
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village in Union County, S. C., designated as Village B. The total 
population of these seven villages was 6,599 and there were present in 
this population 253 pellagrins, of whom 183 were females and seventy 
were males. Figure 6 shows the age distribution by years of the total 
253 cases, each individual pellagrin being assigned to his age at the 
time the disease first appeared, and in a similar way the age distribu- 
tion of the 183 females and of the seventy males. Inaccuracies in the 
data, similar to those noted above in the data for Spartanburg County, 
are also evident here. 


TABLE 6. — Pellagra Morbidity in the Combined Population of I., W., 
P., Sa., a., Sp. and B. by Five-Year Age Periods to Age 20 and 

Subsequently by Decades 


Age 

Pemales 

Males 

Total 

Popula- 

tion 

Pella- 

grins 

Morbid- 
ity per 
10,000 

Popula- 

tion 

Pella- 

grins 


Popula- 

tion 

Pella- 

grins 

Morbid- 
ity per 
10,000 

0-4 

447 

14 

313 

514 

14 

272 

961 

28 

291 

5-9 

435 

15 

345 

491 

19 

387 

926 

34 

367 

10-14.... 

382 

4 

105 

442 

9 

204 

824 

13 

158 

15-19 

437 

18 

412 

415 

1 

24 

852 

19 

223 

20-29 

672 

52 

774 

610 

4 

66 

1,282 

56 

437 

50-39 

418 

50 

1,196 

392 

3 

77 

810 

53 

654 

40-49 

226 

19 

841 

226 

9 

39S 

452 

28 

619 

50-59 

156 ' 

9 

577 

148 

6 

405 

304 

15 

493 

60-69 

61 

2 

328 

72 

5 ' 

1 

694 

133 

7 

526 

70-79 

31 


0 

19 

0 

0 

50 

0 

0 

SO-89 

0 

0 

0 

5 

0 

0 

5 i 

0 

0 

Total... . 

3,265 

1S3 

560 

3,334 

1 

70 

210 

6,599 

253 

383 


By grouping the pellagrins and the total population in five-year 
periods the distribution shown in Table 6 is obtained. In this table 
each pellagrin is placed according to his age at the incidence of his 
disease. The data for total population were obtained by our census . 
in 1913. 

The data of this table are presented in graphic form in Chart 7. 

The same striking disparity between the morbidity rate of pellagra 
in females and the rate in males is presented by the figures derived 
from this intensive study of the mill-village population as has been 
found in our study of the age and sex distribution of the disease in 
the total population of the whole county in 1912 and again in 1913. 
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In children the disease first became important after the age of two, 
with nine cases in the third year, four in the fourth and thirteen in the 
fifth. The number of these cases in each year of the first twenty years 
of life is shown in Table 7. 

At about the age of puberty and for a few years afterward, the 
number of cases was low in both sexes, rising rapidly again after the 



Chart 7. — Pellagra morbidity per 10,000 population of the seven villages, I., 
W., P., Sa., A., Sp. and B., according to age and sex, based on our census in 
1913, data in Table 6. 


TABLE 7. — Number OF Pellagrins in Seven Mill-Villages in Each 
Year of Life Up to the Twentieth, Age at First Erythema 


Tear 

B 

2 

3 

4 

5 

j 

6 

B 

8 

9 





14 

15 




19 

20 

Female.... 


0 

4 

2 

8 

1 

2 

5 

3 

4 

0 

B 

1 

■ 

1 

0 

2 

6 

3 

7 

Male 

B 

B 

5 

2 

5 

2 

■ 

6 

3 

1 

2 

B 

2 

B 

3 

B 

0 

0 

0 

0 

Total 

1 

B 

9 

1 

4 

13 

3 

9 

11 

6 

5 

2 

2 

i 

3 

2 

4 

1 

2 

6 

3 

■ 

7 


seventeenth year in the females to its highest point in the decade 
between 30 and 40 years of age, in which period 50 women, or about 
12 per cent, of the women in this age period, were pellagrins. In the 
following decades the morbidity declined rapidly. There were 19 
female pellagrins in the fifth decade and only 11 more than 50 years 
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census. It remains to consider the age and sex of the new cases of 
pellagra which are known to have developed in this population during 
1912 and 1913. Some cases which arose in these villages in which the 
patients moved away before the time of our census in 1913 have been 
included in the data for this study, and in these instances the non- 
pellagrin numbers of such families have been added to the total popu- 
lation shown by the census, so that the total population employed in 
this study was approximately the total population of these villages, free 
from pellagra at the beginning of 1912. This amounted to 6,594 
persons, of whom 3,260 were females and 3,334 males. 

TABLE 9. — Incidence of New Cases of Pellagra During 1912 and 1913 
IN the Combined Population of I., W., P., Sa., A., Sp. and 
B., BY Five-Year Age Periods to Age 20 and Subsequently 

BY Decades 


Age 

Females 

Males 

Total 

Popula- 

tion 

Pella- 

grins 

Inci- 
dence -per 
10,000 

Popula- 

tion 

Pella- 

grins 


Popula- 

tion 

Pella- 

grins 

Inci- 
dence per 
10,000 

0- 4.... 

44T 

10 

224 

614 

9 

175 

961 

19 

198 

5- 9..., 

435 

14 

322 

491 

15 

305 

926 

29 

313 

10-14.... 

S82 

3 

79 

442 

5 

113 

824 

8 

97 

15-19.... 

432 

9 

208 

415 

0 

0 

847 

9 

106 

20-29.... 1 

672 

24 

357 

610 

1 

16 

1,282 

25 

195 

30-39.... 

418 

24 

574 

392 

1 

26 

810 

25 

309 

40-49.... 

226 

7 

310 j 

226 1 

2 1 

88 

452 

9 

199 

50-59.... 

156 

1 

64 

148 

2 * 

135 

304 

3 

99 

60-69.... 

61 

1 

164 1 

72 

3 

417 

133 

4 

301 

70-79.... 

31 

0 

0 

19 

0 

0 

60 

0 

0 

80-89.... 

0 

0 

0 1 

5 

0 

0 

5 

0 

0 

Total.. . 

3,260 

93 

285 

3,334 

38 

114 

6,594 

131 

199 


In this population there developed 131 recognized new cases of 
pellagra during 1912 and 1913, of which 93 were in females and 38 
were in males. The age distribution of these cases is shown in 
Chart 8. By grouping together the incident cases of pellagra in each 
five-year perior up to age 20, and subsequently by decades, and com- 
paring these data with the total population in each group the incidence 
of pellagra for each age period has been ascertained. The figures are 
presented in Table 9. 

The charts (Nos. 9 and 10) show the total population of each 
age period as a white column and within it a black column, indicating 
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FEMALE POPULATION OF MILL VILLAGES I. W. R SA., A, SR * B 



MALE POPULATION OF MILL VILLAGES I. W. R SA, A, SR & B 




Chart 11. — Incidence of new cases of pellagra during 1912 and 1913, per 
10,000 population, in the seven villages, I., W., P., Sa.,. A., Sp. and B., accord- 
ing to sex and age at onset of the disease, based on pellagra records of 1912 
and 1913 and the census of 1913. 
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exactly by its relative area the proportion of the respective population 
which acquired pellagra in the two years, 1912 and 1913. These 
figures show at once the age distribution of the total population as 
well as of the incident pellagrins and their numerical relationship to 
each other. The incidence rate in each age group is shown graphically 
in Chart 11. 

The incidence of pellagra in these villages was highest in females 
between 30 and 40 years of age, nearly 6 per cent, of this age group 
having contracted the disease during the two years. The next highest 
incidence was in old men from 60 to 70 years of age, of whom more 
than 4 per cent. (3 cases in 72 persons) contracted pellagra. The 
number of individuals in this group is so small that little significance 
can be ascribed to the incidence shown. In children from 5 to 9 years 
of age there were 28 incident cases in a population of 926 for this age 
period, an incidence of slightly more than 3 per cent. ' 


TABLE 10. — Ratio Between Incidence Rate for Females and Males 

IN Each Age Period 


Age 


5-9 

10-14 

15-19 

20-29 

30-39 

40-49 

50-69 

60-69 

Total 

Pemales.. 

■ 

1.1 

0.7 

00* 

22.3 

22.1 

3.5 

0.5 

0.4 

2.5 

Males.... 

i.n 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 


* The rate for females in this group was 208 per 10,000; for males it was 0. 
00 = Infinity. 


In order to compare more definitely the incidence of pellagra in 
females with that in males, the ratio for each age group has been 
reduced to its simplest terms by letting the rate for the males become 
unity in each instance (Table 10). 


TABLE 11. — Ratio Between Incidence Rates for Different Age Periods 


Age 

0-4 

5-9 

10-14 

15-19 

20-29 

30-39 

40-49 

50-69 

60-69 

Total 

Pemales.. 

0.8 

D 

0.3 

0.7 

1.3 

2.0 

B 

0.2 

0.6 j 

1.0 

Males.... 

■jfl 

B 

1.0 

0.0 

0.1 

0.2 

0.8 

1.2 1 

B 

1.0 

Total..., 

1.0 

1.6 

0.5 

0.5 

1.0 


1.0 

0.5 

g 

1.0 


In a similar manner the ratio of the incidence in each age period 
to the incidence in the total population of each sex has been reduced to 
its simplest terms, the incidence for the total females, total males and 
for the total population being unity in the respective ratios (Table 11). 
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These figures indicate the relative degree to which each age period 
was subject to the development of pellagra in the population of these 
seven mill-villages. Thus in females between 30 and 39 years of age 
the incidence rate was twice as great as for total females, while between 
10 and 14 years the rate was less than one-third of this mean rate. 

DISCUSSION 

The peculiar distribution of pellagra in respect to age and sex, 
shown in these statistics, seems now to have been definitely ascertained 
for the population studied, more accurately, of course, for the seven 
villages than for the county as a whole.. The inequalities of this dis- 
tribution are pronounced and striking. 

Children under 2 years of age were practically free from the dis- 
ease, and yet from the age of 2 to 10 years children showed an exces- 
sive amount of pellagra. Congenital pellagra evidently did not occur 
in this study. Furthermore, the almost complete absence of pellagra 
in the first two years of life could hardly be explained as due to a 
supposed long incubation period of the disease, because there are 
many known instances in which the typical symptoms have developed 
in older persons within two months after moving into a pellagrous 
district, and furthermore, there have been some cases of typical pel- 
lagra in children less than a year old observed by various students of 
the disease. It would seem necessary, therefore, to conclude that chil- 
dren under 2 years of age in Spartanburg County have been physi- 
ologically insusceptible to the disease, or else relatively very little sub- 
jected or exposed to the causative agencies, or both. After the age of 
2 this apparent protection from pellagra was no longer present, and 
the disease was very prevalent up to the age of 10 or 12 years, when 
the morbidity rate again declined. Apparently some change occurred 
at or near the age of puberty, which markedly reduced either suscepti- 
bility or exposure to pellagra and which persisted for some years. 
After the seventeenth year the females were again very subject to the 
disease, and continued to suffer at an increasing rate to the end of the 
fourth decade of life, while the males were practically free from the 
disease during this whole time. From 20 to 29 years of age, women 
in this population were 22.3 times more frequently afflicted with pel- 
lagra than men, and from ages 30 to 39 they were 22.1 times more 
subject to it. There was certainly some very important sex difference, 
either of susceptibility or of exposure to pellagra, or both, in these, 
age periods. After 50 the sex difference in relation to pellagra was no 
longer evident and the old people of both sexes seemed to be about 
as frequently affected by pellagra as the children. The lower rate in 
females after 40 may have been due in part to the death of susceptible 
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individuals in the previous decade of life, but it would seem more 
probably due to physiological changes in the body associated with 
cessation of child-bearing and possibly to lessened exposure to pellagra- 
producing conditions. The rise in the pellagra rate for males at about 
the same time would seem to correspond with their diminished bread- 
winning activity and their increased tendency to remain at home. 

It is necessary to recognize that the causes underlying this peculiar 
age and sex distribution have not been ascertained and that speculation 
in regard to its significance is likely to be erroneous. We are inclined 
to believe, however, that variation in physiological resistance has been 
a factor of considerable importance, and more particularly, variation 
in the vigor of the functions of digestion and nutrition. We also think 
that variation in degree of exposure to pellagra-producing causes, and 
more particularly to the supposed infectious agent, may account to 
some extent for these differences in age and sex distribution. 

The high incidence rate of pellagra in children seems to deserve 
special emphasis because it has not been generally recognized. Many 
of these cases have been mild and would not ordinarily be brought to 
the attention of physicians. In the seven mill-villages there were 926 
children from 5 to 9 years of age and twenty-nine of these developed 
pellagra during 1912 or 1913, an incidence rate for the two years of 
slightly more than 3 per cent. This fact is of particular interest not 
only because it indicates clearly the high incidence of pellagra in chil- 
dren in those communities where the disease is endemic, but also 
because of the relation of the incidence rate to the morbidity rate for 
these children. For the age group of children from 5 to 9 years of 
age the incidence rate was 313 per 10,000 and the morbidity rate 
367 per 10,000, which means, of course, that about 85 per cent, of the 
cases observed in this age group had existed less than two years. In 
other words not more than 15 per cent., or about one in seven cases in 
children from 5 to 9 years of age, had a duration of more than two 
years. Inasmuch as deaths from pellagra have been rare in these 
children and the data of the above tables and charts show that few 
cases persisted into the next five-year age period, it is evident that a 
large proportion of pellagrin children in these villages must have 
recovered from the disease in less than three years from its onset. In 
the adult females between 30 and 39 years of age, on the other hand, 
the incidence rate in these villages was 574 per 10,000 and the mor- 
biditj'^ rate 1,196 per 10,000, showing that there were many chronic 
cases, although deaths from pellagra in this age group were commonly 
observed. The general indication is clear that prognosis in pellagra is 
much better in children than in adult females. We hope to consider in 
a more definite manner the subject of prognosis in pellagra after our 
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The most striking features of these data appear to be the excessive 
prevalence of pellagra in the adult females engaged exclusively or for 
part of the time in house-work and the rather high incidence of pel- 
lagra in children under the age of 12 years. These observations are 
similar to those made in 1912 on the relation between occupation and 
the incidence of pellagra and, taken by themselves, would seem to 
support the conclusions based on our knowledge at that time, which 
were summarized in the First Progress ReporP as follows : 

The excessive prevalence of pellagra in the mill-village population is found 
largely among women and children at home during the day. Among actual 
mill-workers the rate of prevalence between the two sexes appears to be about 
equal. 

Additional information on this question has been obtained during 
1913. The complete census of several mill-villages has made it possible 
to compare the pellagrins with non-pellagrins in respect to occupation 


TABLE 12. — Pellagrins in Mill-Villages Not Investigated by House-to-House Canvass, 

Distributed According to Age and Occupation 



Females 

Males 

Age 

No Occu- 
pation 

House- 

work 

Exclu- 

sively 

House- 
Work 
and Mill- 
Work 

Mill- 

Work, 

Full 

Time 

Other 

Occupa- 

tion 

Total 

No Occu- 
pation 

Farm- 

ers 

Mill- 

Work, 

Part 

Time 

Mill- 

Work, 

Full 

Time 

Other 

Occupa- 

tion 

Total 

0-11 

8 

0 

0 

1 « 

0 

8 

■ 

0 

0 

0 

0 

13 

1249 

0 

12 

0 

1 

0 

13 

mm 

0 

0 

1 

0 

2 

20’29 

0 

7 

11 

13 

0 

31 

0 

0 

0 

4 

0 

4 

30-39 1 

0 

9 ! 

5 1 

3 1 

0 

D 

0 

0 1 

0 


0 

7 

40-49 

0 


2 

0 

0 

H 

0 

0 

0 


0 

3 

50-59 

0 


6 


0 

B 

0 

0 

0 

H 

0 

7 

00-69 

0 

0 

0 

0 

0 

0 

0 

0 ' 

0 

0 

0 

0 

Total 

8 

31 

18 

17 

0 

74 

14 

0 

0 1 

22 

0 

36 


and to compare the pellagra morbidity among females at home with 
the rate among females working in the mills. The data concerning 
age, sex and occupation of the 303 cases of pellagra (217 females and 
86 males) which are known to have occurred in these six villages are 
summarized in Tables 13 and 14. 

The morbidity of the mill-workers and of the remaining population 
is shown graphically in Chart 12. 

7. Siler, J. F., and Garrison, P. E. : Am. Jour. Med. Sc., 1913, cxlvi, 275; 
First Progress Report, p. 78. 
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A study of these tables brings out the fact that, so long as we con- 
sider only the proportion of house-workers and mill-workers among 
pellagrous women, the house-workers remain in a considerable 
majority. It was on data of this sort that our 1912 conclusions were 
based, inasmuch as exact statistics regarding the relative proportion 
of women working in the mills and about the house were not available 
for the non-pellagrin population. Our census study in the six mill- 
villages has disclosed the fact that the number of male mill operatives 
is considerably greater than the number of female operatives, instead 
of being about equal, as we supposed from our general inquiries in 
1912, and in the light of this more accurate information the earlier con- 
clusion that female mill-workers were less frequently atfected by pel- 
lagra than house-workers has become untenable. 


TABLE 13. — Total Recorded Pellagrins in Six Mill Villages Investigated by House- 
to-House Canvass, Distributed According to Age and Occupation 



I'emales 

Males 

Age 

No Occu- 
pation 

House- 

Work 

Exclu- 

sively 

House- 
Work 
and Mill- 
Work 

MiU- 

Work, 

Eull 

Time 

Other 

Occupa- 

tion 

1 

Total 

1 

i 

No Occu- 
pation 

i 

i 

Earm- 

ers 

1 

MiU- 

Work, 

Part 

Time 

1 

Mill- 
Work, 
Pull ' 
Time 

1 

o 

Total 

0-n 

37 

0 

0 

1 

0 

1 

1 

0 

37 

1 

1 

38 

0 

0 

0 

0 

38 

12-19 

2 

2 

0 

11 

0 

15 

3 

0 

0 ; 

8 

0 

11 

20-29 

1 

0 

16 

21 

18 

1 

66 

0 

0 

0 ! 

4 

0 

4 

30-39 1 

0 

45 

6 

12 

0 

63 

0 

0 

3 ! 

5 

0 

5 

40-49 

0 

22 

4 1 

2 

0 

! 

28 ! 

1 

0 I 

1 

i 

0 ; 

6 

1 

8 

50-59 

0 

13 

0 

1 

i 

0 

14 

0 ! 

0 

i 

0 

11 

0 S 

11 

60-69 

0 

4 

0 

0 : 

0 

4 

3 1 

0 

0 

6 


9 

Total 

39 

102 

31 

44 

1 

217 

44 

1 

0 

39 

2 

86 


In the age period, 12 to 19, in which more than 80 per cent, of the 
individuals were employed in the mills, the pellagra morbidity was 
relatively low and the mill- workers were slightly less subject to the 
disease than those who did not work in the mills. The 94 females who 
did not work in the mills showed 4 cases of pellagra, a rate of 426 per 
10,000, and of the 64 males 3 were pellagrins, a rate of 469 per 10,000, 
compared with rates of 229 and 150 per 10,000, respectively, in the 
mill-workers of like age and sex. In the persons over 20 years of age, 
in both sexes, the pdlagra morbidity was generally somewhat higher 
in the mill-workers than in the total population. The female mill- 
workers between the ages of 20 and 50 show the highest morbidity. 
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Synopsis . — Persons engaged in many different occupations were 
found to be pellagrins, but the greatest number of cases was observed 
among persons engaged in house-work or remaining at home without 

TABLE 14. — Comparative Pellagra Morbidity of Mill Operatives and 
OF THE Remaining Population in Villages I., W., P., Sa., A. 

AND Sp., Based on Total Recorded Cases and the 
Population Statistics of Census of 1913 



Mill Workers 

Other Persons 

^ Total Population 

Age ' 

Individ- 

uals 

1 

Pella- 

grins 

1 

1 

Morbid- 
ity per ! 
10,000^ 1 

Individ- 

uals 

i 

Pella- 

grins 

Morbid- 
ity per 
10,000^ 

Individ- 

uals 

i 

Pella- 
■ grins 

Morbid- 
ity per 
10,000* 


females 


0-11 

0 

0 

. . • 

870 

37 

425 

870 

37 

425 

12-19 

481 

11 

229 

94 

4 

426 

576 

15 

1 261 

20-29 

245 

39 

1,592 

302 

17 

563 

547 

66 

1,024 

30-39 

81 

18 

2,222 

265 

45 

1,698 

346 

63 

1,821 

40-49 1 

26 

6 

2,308 

176 

22 

1,250 

202 i 

28 

1,386 

50-59 

6 

1 

1,667 

116 

13 ^ 

1,121 

122 

14 

1,148 

60-69 

1 

0 

0 

49 

4 

816 

60 

4 

800 

70-79 

0 

0 

... 

26 

0 

0 

26 j 

0 

0 

80-89 

0 

0 

... 

0 

0 

... 

0 

0 

... 

Total...... 

840 

75 

893 

1,898 

142 

748 

2,738 

217 

790 

i 


MALES 


0-11 

0 

0 

. . • 

960 

38 

396 

960 

38 

396 

12-19 

532 

8 

• 150 

64 

3 

469 

596 

11 

185 

20-29 

478 

4 

84 

20 

0 

0 

498 

4 

80 

30-39 

296 

6 

169 

36- 

0 

0 

332 

5 

151 

40-49 

141 

6 

426 

45 

2 

444 

186 

8 

430 

50-59 

77 

11 

: 1,429 

46 

, 0 

0 

123 

11 

894 

60-69 

35 

5 

1,429 

23 

4 

, 1,739 

58 

9 

I 1,552 

70-79 

6 

0 

0 

11 

0 

0 

17 

0 

0 

80-89 

1 ' 

0 

0 

4 

0 

0 

5 

0 

0 

Total 

1,566 

39 

250 

1,209 

47 

390 

2,775 

86 

310 


* The figures in the morbidity column of this table indicate the ratio of the number of 
recorded pellagrins to the number in the respective group of the present population. A 
considerable number of these pellagrins had died or moved away before the time of our census. 


occupation, namely, the adult females and the children under 12 years 
of age. Occupation in house-work would appear, however, to bear 
only an accidental relation to this morbidity, because in those villages 
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concerning which accurate and complete data are available, the mor- 
bidity among female mill-workers was practically the same as among 
the housekeepers. It would appear that our studies have so far failed 
to discover reliable evidence that occupation has had any definite 
relation to pellagra morbidity. The excessively high pellagra morbidity 
in mill-villages would seem to depend on other circumstances affecting 
the various members of the village community, regardless of whether 
their days were spent at work in the mill or in other occupations or 
locations. 



Chart 12. — Comparative pellagra morbidity in the six villages, L, W., P., Sa., 
A. and Sp., according to age, sex and occupation, based on the total cases of 
pellagra on record and the population statistics of the census of 1913. 

SUMMARY 

1. The geographical distribution of pellagra in Spartanburg County, 
South Carolina, has been uneven, the morbidity being much higher in 
and near the large centers of population and especially in the cotton- 
mill villages. 

2. Pellagra was found to be about three times more prevalent in 
the white race than in the negro population of this county. This ratio is 
not regarded as a true measure of the relative racial resistance to the 
disease, but rather as the end result of the influence of several factors. 

3. Women between 20 and 44 years of age have been most subject 
to .pellagra. Children from 2 to 10 years of age, of both sexes, and 
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old people of both sexes have also been frequently attacked. Children 
under 2 years have been rarely affected ; adolescents of both sexes and 
adult males under 50 years of age were relatively free from the disease. 
Pellagra in children has been relatively benign. 

4. The peculiarities of the age and sex distribution are believed to 
be due in part to differences in physiological resistance to the disease 
and in part to differences in degree and frequency of exposure to the 
causative factors, among which proximity to or association with pel- 
lagrins seems to be important. 

5. No direct relation of occupation to pellagra morbidity was dis- 
covered. Indirectly, by determining economic status and environment, 
occupation was found to have an important bearing on the prevalence 
of the disease. 


MENTAL AND NERVOUS DISORDERS ASSOCIATED 

WITH PELLAGRA* 

H. DOUGLAS SINGER, M.D., M.R.C.P. 

KANKAKEE, ILL. 

The investigations here published were rendered possibly by an 
invitation to undertake the study of this phase of pellagra extended to 
the author by the Thompson-McFadden Pellagra Commission. Per- 
mission to accept this invitation was readily granted by the Illinois 
State Board of Administration, to whom my respectful thanks are due. 
Most valuable assistance was rendered by the physicians of Spartan- 
burg County, by Dr. J. W. Babcock, superintendent, and the medical 
staff of the South Carolina State Hospital, to one of whom. Dr. E. B. 
Saunders, I am especially indebted for information and assistance, 
and finally by the medical officers of the Georgia State Sanitarium. 
Dr. E. M. Green, clinical director, and Dr. J. W. Mobley, first assistant 
physician, especially gave of their time and wide experience with 
ungrudging courtesy. The whole medical staff vied with one another 
in' assisting with the patients and records and contributed materially to 
such small measure of success as may have been achieved. 

The extent of this subject is wide, and the time available was small. 
Many of the patients were seen but once and there was no possibility 
of continuous observation over a long period. With these facts in 
mind, it was thought best to try and observe the conditions at various 
stages by seeing as large a number of different patients as possible. 

The material used comprises that obtained by visits to the homes of 
known pellagrins in and around Spartanburg, the examination of 
patients coming, or sent, to the offices of the Pellagra Commission for 
diagnosis and treatment, a closer study of cases cared for in the Good 
Samaritan Hospital at Spartanburg, and the investigation of patients 
and records at the South Carolina and Georgia State hospitals at 
Columbia and Milledgeville, respectively. To these have been added 
the results of experience with cases in Illinois. 

So widespread is the belief in pellagrous districts, even among 
physicians, that pellagra is a potent factor in the etiology of insanity, 
and so greatly is the horror of this disease thereby enhanced in the 

* Submitted for publication Sept. 18, 1914, 

*From the Illinois State Psychopathic Institute. This paper forms a part 
of the Second Progress Report of the Thompson-McFadden Pellagra Commis- 
sion of the New York Post-Graduate Medical School and Hospital. 
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minds of the people that the question is one of the greatest importance. 
Yet the actual state of our knowledge concerning the facts is extremely 
limited. Published statistics vary widely and most text-books, while 
very vague as to the details, seem to regard insanity as inevitable. 
Thus Wood says “It is true that the probable outcome of the ordi- 
nary types of pellagra will be insanity, and it is this phase which makes 
of the disease a great sociological problem.” 

I 

FREQUENCY OF MENTAL SYMPTOMS 

Most of the statistics concerning the frequency of mental disturb- 
ance in pellagra are of but small value for various reasons. First, 
they have been largely collected in hospitals for the insane, and it 
should be remembered that failure to commit a person to such a hos- 
pital is no criterion of the absence of mental disorder. It might also 


tBLE 1. — Incidence of Mental Symptoms in Relation to the Number of 
Attacks of Pellagra from which the Patient Has Suffered 



First 

Attack 

Second 

Attack 

Third 

Attack 

! 

Fourth 

Attack 

Fifth 

Attack 

Sixth 

Attack 

Later 

Attack 

Total No. 
of Cases 

Lth mental 

symptoms 

12* 

17* 

9 

7 

0 

2 

0 

47 

immitted as “In- 
>ane’’ 

2 

2 

1 

0 

0 

0 

0 

5 

Lthout mental 
symptoms ...... 

35 

25 

10 

5 

1 

0 

2 

78 


* One of these committed suicide. 


be said that many persons so strongly believe that pellagra is con- 
stantly associated with insanity that commitment may follow the 
placing of such a diagnosis without further consideration of the actual 
situation. 

Secondly, it is not yet settled whether the recurrent outbreak of the 
symptoms of pellagra in succeeding years represents new disease each 
time or merely recrudescence following a period of latency. If the 
latter is true it would be obviously necessary to wait until the death of 
an individual before deciding whether he will ever become insane as 
the result of pellagra. 

Thirdly, the statistics are based in the main on superficial estimates 
of the total incidence of pellagra in any given community, so that the 
case incidence of mental disorder becomes largely guess-work. 

1. Wood, E. J. : A Treatise on Pellagra, D. Appleton & Companj"^, New York, 
1912, chap, vi, p. 224. 
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TABLE 2.— Cases Showing Mental Symptoms in Different Attacks 

Expressed in Percentages 



No. of 
Cases 

j 

With 
Mental 
Symptoms, 
Per Cent. 

Committed 

as 

“Insane," 
Per Cent. 

Without 
Mental 
Symptoms, 
Per Cent. 

First attack 

49 

24.5 

4.1 

71.4 

Second attack 

44 

38.7 

4.5 

56.8 

Third attack 

20 

45.0 

5.0 

50.0 

Fourth attack 

12 

58.3 

0.0 

41.7 

Later attacks 

5 

40.0 

0.0 

60.0 

Total 

130 

1 

36.2 

! 3.8 

60.0 


TABLE 3. — Age, Sex and Race Relations to the Incidence of Mental 

Symptoms 


Age 

MO 



3il-40 

41-50 

1 

51-60 

61-70 

Over 70 


total cases considered 


20 

11 

33 

35 

10 

11 

8 


PATIENTS WITH MENTAL SYMPTOMS 


White males.. 

0 

1 

■i 


1 

4 

3 

0 

0 

White females 

0 

1 


13 

3 

2 

2 

0 

Col. males 

1 0 

0 


1 

0 

0 

0 

0 

Col. females... 

; 0 

1 

1 

B 

1 

0 

0 

1 

0 

Total 

0 

3 

17 

17 

7 

5 

3 

0 

Proportion of 









total cases, 









per cent 

0.0 

27.3 

51.5 

48.6 

70.0 

45.5 1 

1 

37.5 

0.0 


PATIENTS WITHOUT ; 

MENTAL 

SYMPTOMS 



White males.. 


2 

0 

i 

1 

0 

6 

2 

2 

White females 


6 

14 

17 

3 

0 

1 

0 

Col. males 


0 

0 

0 

0 

0 

1 

0 

Col. females... 

0 

0 

2 

0 

0 

0 

1 

0 

Total 

20 

8 

16 

18 

3 

6 

5 

1 . 

1 

2 

1 . . 

Proportion of 



1 

1 

j 





total cases. 




i 





per cent 

100.0 

72.7 

48.5 

■ 51.4 

30.0 

54.5 

62.5 

100.0 
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TABLE 4. — Age and Sex Relations Expressed in Percentages 



1 

MO ^ 

; 11-20 

21-40 ' 

41-60 

Over 61 

Total 

PERCENTAGE OF PATIENTS WITH 

MENTAL SYMPTOMS 


Males 

0.0 

1 

33.3 

85.7 

53.8 

0.0 

36.8 

Females 

0.0 

2S.0 

46.0 

62.5 

60.0 

41.3 

Total 

0.0 

27.3 

50.0 

57.1 

30.0 

40.0 


PERCENTAGE OF PATIENTS WITHOUT MENTAL SYMPTOMS 


Males 


66.6 

75.0 

H 

46.2 

37.5 

100.0 

40.0 

Females 

Total 

100.0 

72.7 

50.0 

42.9 

70.0 



The last source of error is a very important one. The experience 
of the Thompson-McFadden Pellagra Commission has demonstrated 
that, when an intensive study of a given pellagrous district is under- 
taken, far more cases are discovered than would be estimated from the 
most careful questioning of the physicians of that district. 

In order to arrive at some data on this question the case records of 
130 pellagrins, collected without any kind of selection except a positive 
diagnosis, have been analyzed and the results are presented in Tables 1 
to 4. In preparing these tables no attempt has been made to subdivide 
the mental picture into diiferent types, a point which will be considered 
later. It may be stated, however, that the great majority of cases 
included as “with mental symptoms,” but not committed as “insane,” 
were examples of a type which will be described as symptomatic 
depression. Such mental disturbances as well as milder forms of 
delirium occur in connection with many different diseases, especially 
the acute and chronic infections, and it may be objected that they do 
not constitute “insanity.” In reply to this it is only necessary to point 
out that this latter term is not a medical one at all, and that no dis- 
tinction can scientifically be made. 

In this series of one hundred and thirty unselected cases, mental 
symptoms were present in fifty-two (40 per cent.), and of these, five 
(3.8 per cent.) were adjudged insane, while two others committed 
suicide. Certain other features also deserve mention. It will be noted 
that mental symptoms appear to be progressively more frequent the 
greater the number of the attacks. (This does not hold true in the 
above tables for cases having more than four attacks', but this may 
possibly be due to the small number of such examples.) In Tables 3 
and 4, it is well shown that children with pellagra do not as a rule show 
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any mental disorder, and one may add from personal observation that 
they are generally not very ill with the disease. From the figures given 
it would appear that males between the ages of 20 and 40 suffer with 
mental symptoms far more than do females. 

This is probably not without significance, although it must be 
admitted that the number of cases is veiy small (seven). When it is 
remembered that men of this age but rarely contract pellagra, it sug- 
gests that those who do are in all probability below the average in 
general make-up and hence especially liable to suffer from mental dis- 
order. 

The greatest case incidence of mental disorder in females, on the 
other hand, occurs between the ages of 41 and 60 ; that is to say, during 
the climacterium, a period during which, as is well known, women are 
especially prone to mental disturbance. 

To supplement these figures, a similar analysis of a series of thirty- 
four consecutive cases studied by me and forming part of the material 
on which the later description of types is based, showed results entirely 
in keeping, except that the numbers are too small for subdivision into 
age groups. The percentage showing mental symptoms was 38.2. 
There were ten children of 10 years or under, none of whom showed 
any mental disturbance. The average age of those with mental symp- 
toms was 41.5 3 '-ears and of those without mental symptoms, 18.5 years. 

As might be expected, there is also a correlation between the 
appearance of mental symptoms and the severity of the pellagra attack, 
as illustrated by the mortality given in Table 5. 

TABLE 5. — Case Mortality in Relation to Mental Syi^iptoms 



No. of 


Percentage 


Cases 

Deaths 

Mortality 

With mental symptoms 

52 

10 

19.2 

Without mental s}unptoms 

78 

2 

2.6 

Total 

130 

12 

9.2 


As a further illustration of this same point, it was found that in a 
series of eighteen patients, cared for and examined in the hospital pro- 
vided for the Commission, who were admitted mainly because of the 
severity of the pellagra attack and the need for special attention, 
sixteen with an average age of 44 (23 to 95), showed mental symp- 
toms, the exceptions being aged 10 and 15 years, respectively. 

With the object of studying the question as to whether pellagra 
gives rise to a chronic “insanity” a list of all cases committed to the 
Columbia State Hospital from Spartanburg County from Jan. 1, 1912, 
to July 1, 1913, was secured, and these cases were investigated to 
determine how many were suffering from pellagra. These investiga- 
tions were made possible by the courtesy of Dr. J. W. Babcock, super- 
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intendent, and the medical staff of the South Carolina State Hospital, 
the excellent records in the office of the Pellagra Commission and the 
physicians of Spartanburg County. 

In 1912 sixty-five persons were adjudged insane in Spartanburg 
County, of whom eleven were stated to be pellagrous at the time of 
commitment. This diagnosis was confirmed at the State Hospital in 
all but one who had recovered from his attack at the time of admission. 
Besides these, nine others are reported as having pellagra at the time 
of admission to the hospital. In the first six months of 1913, twenty- 
four persons were adjudged insane, although only twenty-two were 
admitted to the State Hospital. Four were stated to be pellagrous on 
the commitment papers and to these must be added three found to 
have this disease when received at the hospital. 

The population of Spartanburg County at this period was stated to 
be 83,465. The proportion of pellagrous persons living in the county, 
according to the figures of the Thompson-McFadden Commission in 
1912, was 44, and in the first six months of 1913, 55 per 10,000. 

These facts may be expressed in the accompanying table (Table 6). 

TABLE 6. — Certifiable Insanity in Pellagrous and Non-Pellagrous 
Persons in Spartanburg County * 


t 

Total 1 

Number of ' 
Persons 
Committed 

Number 

of 

Pellagrins 

Committed 

Certified 
Insane 
per 10,000 
Population 

Certified 
Insane 
per 10,000 
Pellagrins 

1st. 6 mos., 1912. . . 

28 

9 

3.3 

245.2 

2d. 6 mos., 1912. . . 

35 

14 

4.2 

381.5 

1st. 6 mos., 1913. . . 

24 

7 

2.9 

152.2 


* It should be noted that the population has been considered as remaining 
constant throughout, and also that the number of living pellagrins in the first 
and second halves of 1912 has been regarded as equal. While not accurate, 
this will suffice for the present purpose. The figures for the whole of 1912 
would be correctly given as the sum of those for the two halves of that year. 

These figures as to the case incidence of insanity are somewhat 
smaller than those given by Grimm, ^ who found 7.5 per cent, insane 
of 1,436 cases. Presumably this refers to those who were certified as 
insane, and it is probable that the percentage is somewhat high for the 
reason that many of the milder cases of pellagra would not come under 
observation unless they were sought. Especially is this true, in the 
experience of the Thompson-McFadden Commission, for pellagrous 


2. Pub. Health Rep., U. S. Pub. Health Service, March 7, 1913. 
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intendent, and the medical staff of the South Carolina State Hospital, 
the excellent records in the office of the Pellagra Commission and the 
physicians of Spartanburg County. 

In 1912 sixty-five persons were adjudged insane in Spartanburg 
County, of whom eleven were stated to be pellagrous at the time of 
commitment. This diagnosis was confirmed at the State Hospital in 
all but one who had recovered from his attack at the time of admission. 
Besides these, nine others are reported as having pellagra at the time 
of admission to the hospital. In the first six months of 1913, twenty- 
four persons were adjudged insane, although only twenty-two were 
admitted to the State Hospital. Four were stated to be pellagrous on 
the commitment papers and to these must be added three found to 
have this disease when received at the hospital. 

The population of Spartanburg County at this period was stated to 
be 83,465. The proportion of pellagrous persons living in the county, 
according to the figures of the Thompson-McFadden Commission in 
1912, was 44, and in the first six months of 1913, 55 per 10,000. 

These facts may be expressed in the accompanying table (Table 6). 


TABLE 6. — Certifl^ble Insanity in Pellagrous and Non-Pellagrous 
Persons in Spartanburg County * 


1 

1 

i 

1 

t 

Total 

, Niimber of 
Persons 
Committed 

i 

Number 

1 of 

Pellagrins 
Committed 

Certified 
Insane 
per 10,000 
Population 

Certified 

1 Insane 

per 10,000 
Pellagrins 

1st. 6 mos., 1912. . . 

28 

9 

3.3 

2452 

2d. 6 mos., 1912... 

35 

14 

42 

381.5 

Ist. 6 mos., 1913. . . 

24 

i 

7 

2.9 

152.2 


It should be noted that the population has been considered as remaining 
constant throughout, and also that the number of living pellagrins in the first 
and second halves of 1912 has been regarded as equal. While not accurate, 
this will suffice for the present purpose. The figures for the whole of 1912 
would be correctly given as the sum of those for the two halves of that year. 

These figures as to the case incidence of insanity are somewhat 
smaller than those given by Grimm,' who found 7.5 per cent, insane 
of 1,436 cases. Presumably this refers to those who were certified as 
insane, and it is probable that the percentage is somewhat high for the 
reason that many of the milder cases of pellagra would not come under 
observation unless they were sought. Especially is this true, in the 
experience of the Thompson-McFadden Commission, for pellagrous 


2. Pub. Health Rep., U. S. Pub. Health Service, March 7, 1913. 
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children in whom, as the figures already given amply demonstrate, 
mental symptoms are exceptional. 

One other feature of the relation between insanity and pellagra, 
which has already been briefly mentioned, requires further considera- 
tion. That is the extraordinary frequency of pellagra arising in hos- 
pitals for the care of the insane. This fact of almost universal experi- 
ence is well illustrated by the situation at Milledgeville, Ga, In 
Tables 7 and 8 are given, respectively, the numbers of cases of pellagra 
arising within and without the walls of the hospital in which there 
was an association with certifiable insanity. 


TABLE 7. — Patients Admitted with Pellagra Already Developed * 



White 

Colored 

j 

Total 

Male 

Female 

Male 

j Female 

Admissions 

Pellagrous 

Per Cent. 

Admissions 

Pellagrous 

Per Cent. 

Admissions 

Pellagrous 

Per Cent. 

Admissions 

Pellagrous. 

Per Cent. 

Admissions 

Pellagrous 

Per Cent. 

1910 .... 

338 



264 



207 


1 

... i 

187 

! 

. . 


996 

56 

5.6 

1911 .... 

365 

14 

3.8 

281 

3i 

ii.i 

212 ! 

5 

2.4 

206 

20 i 

9.7 

1,064 

70 

6.5 

1912 .... 

375 

21 

5.6 

311 

18 

5.8 

226 

11 

4.9 

196 

33 

16.8 

1,108 

! 83 

7.4 

Total ... 


35 

3.2 

856 

49 

5.7 

645 

16 

2.5 

589 

53 


3,168 


6.6 


TABLE 8. — Cases Probably Arising Within the Hospital * 



Average 

Daily- 

Population 

White 

Colored 

Total 
No. of 
Cases 

! 

Per- 

centage 

Male 

Female 

Male 

Female 

1910 

3,276 



1 


n 

3.5 

1011 

3,383 

12 

16 

io 

6i 


2.9 

1912 

3,424 

35 

27 

21 

97 

m 

5.3 


* These figures are taken from the annual reports of the Georgia State 
Sanitarium. 


The population of the state of Georgia, according to the 1910 
census was 2,609,121. If we accept the proportion of certifiable 
insanity for Spartanburg County as approximately correct for the state 
of Georgia, this would mean that in 1910 there were approximately 
900 pellagrins (this figure is probably far too small, H. D. S.), or 3.4 
per 10,000 of the population. On the other hand, the average daily 
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population of the hospital was 3,276 with 114 cases of pellagra, or 
348 per 10,000, practically one hundred times as many as in the popula- 
tion outside. Experience in Illinois would tend to bear this out. 

No satisfactory explanation of these facts has yet been offered. 
There are, however, several possibilities. First, if, as I fully believe, 
pellagra is an infectious disease, these hospitals may be endemic foci 
in which the opportunities for transmission are especially favorable. 
Secondly, it may be that the conditions of life are such as to cause 
pellagra, either by deficiencies in dietary, or positive intoxication by 
spoiled food or other means. Thirdly, and this is a possibility which 
has been too little considered, the conditions of life in such a hospital 
or the constitution of the persons therein confined may be such as 
especially to favor the onset of pellagra whether the actual cause be a 
living virus, a dietary deficiency or an intoxication. In discussing 
these possibilities it must be conceded that the only explanation for a 
special focus of infection in such a hospital would be the collection 
together of a large number of infected individuals sent to the hospital 
because of the occurrence of “insanity.” This would not explain the 
sequence of events at the Peoria State Hospital and other institutions 
of like character in Illinois where the outbreaks appeared to start in 
these widely separated localities, while the number of cases in the state 
generally was certainly small. Some explanation is also needed for 
the rarity with which doctors or attendants in these institutions become 
affected. I know of no instance in Illinois. In Georgia but one was 
reported (J. E. H., white, male, attendant, on June 19, 1913) in the 
years 1910 to July, 1913. 

The relation to dietary has already been discussed in the Report of 
the Illinois Pellagra Commission, 1913, so that there is no need to enter 
on that question here. 

From the above consideration it therefore seems justifiable at 
present to state that evidence points to the conclusion that there is 
something in the make-up of those persons who suffer from faulty 
nervous organization, and especially of those who show character 
traits leading to what is called “insanity,” which renders them more 
prone to affection with pellagra. This would be entirely in keeping 
with the statistics concerning the frequenc)'' of association between 
pellagra and insanity given above and elsewhere. It is too often for- 
gotten that statistics merely establish correlations and do not indicate 
causal relationships. The irnportance of this view on the relation 
between pellagra and insanity will become more obvious from a con- 
sideration of the types of mental disorder which will be next con- 
sidered. 
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TYPES OF MENTAL PICTURE 

The literature dealing with the forms of mental picture occurring 
in association with pellagra is not extensive and has been reviewed in 
an excellent article by Gregor^ who also gives the results of his own' 
investigations on this subject. He emphasizes the importance of dis- 
tinguishing between the mental disorders which may be directly 
attributed to pellagra ; i. e., are due to cerebral changes brought about 
by the pellagra toxin, and those which have only a secondary relation 
to it. As will be seen from the report which follows, my results agree 
in the main with those of Gregor, and there is but little need to discuss 
his findings separately. ‘ 

The type of mental picture has also been studied in some detail at 
the Georgia State Sanitarium, where there is a large mass of material 
available for the purpose. At this hospital a system of classification 
has been adopted, under the advice of Dr. Adolf Meyer, which is free 
from objection, but which makes no attempt to particularize as to the 
relation between the pellagra attack and the psychosis. Such a method 
is unquestionably wise where the data are as yet scanty and the material 
undigested. Under this system all cases in which pellagra seems to 
have some relation to the onset of the psychosis are grouped together 
under the general title of “Psychoses Accompanying Pellagra.” This 
group is then subdivided according to the condition-picture presented 
into subheads corresponding with the Kraepelin classification in gen- 
eral use. Thus there appear : Infective-exhaustive, manic-depressive, 
dementia praecox, involutional melancholia, general paralytic, paranoic 
and senile types. 

At present, however, it seems justifiable to speak a little more defi- 
nitely concerning the meaning of these types and their relation to pel- 
lagra. The situation, indeed, is much the same as that concerning the 
relation of many other general diseases to mental disturbance. As is 
well known, similar varieties of picture are met with in typhoid fever, 
yet they are not grouped separately because of this association. We 
recognize, it is true, that the toxins of this disease, like many others, 
directly injure brain, as well as other body ceils; and that, in conse- 
quence of this damage, certain disorders in function, such as delirium, 
appear, which may be regarded as the direct result of the infection. 
On the other hand, there may appear a dementia praecox picture or a 
manic-depressive reaction and these cases run a similar course to that 
of other examples of these types in which there has been no such infec- 
tion. It may be said that there are but few to-day who regard typhoid 
fever as more than a precipitating cause. Personally, I regard such 

4.. Jahrb. f. Psychiat. u. Neurol., 1907, xxviii, 215. Trans, by A. Alleman in 
Alienist and Neurologist, 1911, xxxii. No. 4. 
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reactions as this, whether following a specific fever or other somatic 
disease, or whether appearing in connection with some psychological 
difficulty, as the way of meeting difficulties of all kinds which are 
peculiar to this particular individual as the result of inheritance and 
experience. 

Viewed in this light a dementia praecox type of picture and course 
is not a particular kind of disease, but merely the natural outcome of 
the particular kind of make-up with which the individual is endowed 
when placed face to face with difficulties which call for special adjust- 
ment. Thus, pellagra would not be the cause of the dementia praecox 
syndrome, but merely the last straw which brings the individual’s 
modes of adjustment into prominence and demonstrates the odd and 
inadequate manner of doing things which have always been present, 
but which have not been specially obvious hitherto. 

Indeed, there is another view of the relation between pellagra and 
insanity which deserves serious consideration and which has hitherto 
been but little discussed. 

It is quite within the bounds of possibility that the actual relation 
between the functional psychoses (including dementia praecox) and 
pellagra is somewhat the reverse of that more usually accepted. That 
the defective construction, whatever it be, which is responsible for the 
poor adaptability and peculiarity of make-up indicated by the particular 
stamp of these disorders, predisposes to the development of pellagra. 
It is certainly a fact that the disease is extremely frequent among the 
chronic insane, most of whom represent late stages of the dementia 
praecox personality. This possibility should not be forgotten when 
considering the epidemiology of pellagra. 

The relation of pellagra to psychoses due to more definite brain 
disease or degeneration, such as the presenile, senile and arteriosclerotic 
dementias, is a somewhat different question. That pellagra occurs in 
combination with them is unquestionably true, and it may be that such 
involutional changes and diseases as involve not only the brain but also 
the organs of the whole body, predispose to affection with pellagra. 
It is also conceivable that an intoxicative disease such as pellagra 
might favor the early onset of involutional change, or even actually 
provoke arterial degeneration in the course of time. But the relation 
of pellagra to the dementia thus arising would even then be secondary 
rather than direct. 

The so-called general paralytic type has given rise to much dis- 
cussion and deserves some special consideration, although I have so 
far been unable to see cases in which tliis description seemed justified. 
That pellagra occurs in individuals suffering from dementia paralytica 
is a fact of observation, as in a case recently seen with Dr. O. S. 
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Ormsby in Chicago. But this is not what is implied by this description. 
The cases here grouped have all been rapidly fatal and the picture 
presented is that of the final stage of dementia paralytica. It is not 
claimed that they run the whole course of that disease. To quote from 
the report by Green of Milledgeville, Ga., the features which lead to 
such a grouping are: “Exaggeration or loss of knee-jerk, speech dis- 
turbance [possibly a dysarthria due to stomatitis, H. D. S.], tremors, 
muscular incoordination, pupillary inequality or irregularity, convul- 
sions and sensory disturbance.” The case records of examples which 
I was able to study at the Milledgeville hospital speak of extreme dis- 
orientation with confusion and a muttering incoherence, so that but 
little information can be obtained from the patient who leads a more 
or less vegetative existence, does nothing for himself and voids urine 
and feces in the bed. The picture thus described suggests an extreme 
degree of general intoxication with central and possibly at times 
peripheral neuritis. It resembles in many respects the severe toxic 
forms of infective fevers, such as typhoid, and there seems but little 
justification for regarding it as especially comparable to dementia 
paralytica. It is not the extreme nervous disorganization which is 
characteristic of general paralysis, and it is unfortunate that a name 
with a specific significance should be used to describe a condition which 
may result from many different causes. 

For purposes of description the types of mental disorder associated 
with pellagra may be grouped as follows : 

Group 1. Disorders directly due to the pellagra toxin (or toxins). 

1. Symptomatic depressions. 

2. Delirious pictures. 

Group II. Disorders based on peculiarities in personal make-up, 
the “attack of insanity” being precipitated by pellagra. 

1. Manic-depressive disorders. 

2. tlysteria. 

3. Psychasthenia. 

4. Dementia praecox. 

5. Paranoic developments. 

Group III. Disorders due to definite brain changes with pellagra 
merely as a complication. 

1. Arteriosclerotic dementia. 

2. Senile dementia. 

3. Presenile psychoses. 

4. General paralysis of the insane. 

The disorders in Group I may be considered in some detail, whereas 
the others will be passed over more briefly. 
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I. Symptomatic Depressions. — ^This type of disturbance is by far 
the most frequent, if one includes the cases outside a hospital for. the 
insane. They are but seldom committed. They have been described 
by Gregor under the title of neurasthenic type, but the name here used 
seems preferable for the reason that while neurasthenic features are 
present, yet there is a decided attitude of depression, sometimes with- 
out any very definite objective signs of fatigue. The main charac- 
teristic of them is that the attitude of depression runs parallel with the 
other manifestations of pellagra, improving as they improve and 
becoming worse as these other symptoms become more severe. 

The picture presented is that of a more or less hopeless sadness 
with all that this implies in regard to the activities of the body as a 
whole. There is a general lowering of tone, energy and attention are 
more or less difficult, thinking is difficult and activities are diminished. 
Obviously the exact mode of expression will vary with the personality 
of the patient, just as the words he uses to express his feelings depend 
on his personal experiences and habits of adjustment. As illustrations 
of the type most commonly met, the following quotations from cases 
observed in Spartanburg may be given ; In expressing the color of the 
mood, “so blue I couldn’t stand it hardly . . . seemed like I 

couldn’t stand it if I couldn’t sit down and cry” ; “afraid I’ll not get 
better”; “depressed and down-hearted”; “can’t get cheerful”; “can’t 
ever look forward to being any better.” At times this is amplified by 
similes such as : “feel like I was lost . . . my soul was going to 

be lost and going to torment . . . didn’t feel like I could get 

forgiveness for my sins.” The lack of energy and feeling of ineffi- 
ciency are shown in “energy and ambition all gone” ; “can’t do nothing, 
can’t work or hold out”; “lost interest . . . it’s hard to work”; 

“so tired all the time, no ambition”; “I just feel helpless”; “I used to 
be one of the best housekeepers and now look at my house.” The 
difficulty in thought is shown in; “can’t get my mind on anything”; 
“it’s difficult to think” ; “my recollection is mighty short” ; “I’ll get up 
from the porch to do something and forget what it is before I get 
into the house.” 

Sometimes there is more or less well-marked apprehension without 
any definite fear, e. g., “I feel as if something is going to turn up”; 
“so nervous I scream when anything happens.” etc. At times this 
becomes definitely an anxiety expressed not only in words, but also by 
restless agitation. This has seemed to be true especially in persons 
during the involutional period of life and hence probably connected 
with the somatic changes Avhich are then in progress, but it does also 
occur in younger individuals. Well-marked examples of this kind 
would naturally be included with the presenile psychoses or involu- 
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tional melancholia. In such case the pellagra is not the direct cause, 
but rather an exciting or perhaps purely complicating disease. Thus, 
for instance, I recently had under care in Illinois a woman in com- 
fortable circumstances in life, who at the age of 58 developed an 
anxious agitated depression for which she was sent to a sanatorium. In 
the course of a few months she improved, although still depressed, and 
was returned to her home where she developed pellagra and became 
more worried and depressed, with finally the necessity of commitment 
at least three months after the onset of pellagra, but with active mani- 
festations in the skin and gastro-intestinal tract. The condition ended 
fatally in a few weeks. Here unquestionably the sequence of events 
suggests that pellagra was merely a complicating disease and that the 
general bodily state expressed in the psychosis was a predisposing 
factor to, rather than the result of, its development. No other cases 
of pellagra had been known in the town in which this patient lived, 
although I am informed, one had occurred a year earlier in the sana- 
torium to which she was first sent. 

Delirious Pictures . — By the^term delirium is implied a state char- 
acterized clinically by clouding of consciousness together with sense- 
falsifications, especially of illusory character, the reactions of the 
patient in word and act being conditioned by this dream-like state. 
The vast majority of such condition-pictures are the result of intoxica- 
tion of the brain with consequent general lowering of functional 
activity which involves first and most the highest cerebral levels. All 
degrees are met with in pellagra as in other intoxications. In the 
milder forms the periods of clouding may be quite brief and episodic. 
In such cases, in the intervals when consciousness is practically clear, 
the general attitude is one of symptomatic depression similar to those 
described above. Indeed, it is not uncommon to find that the more 
severe forms of depression give a history of occasional and transient 
sense-falsification with apprehensive content and more or less fear- 
reaction. Such, for instance, is true for Case 1, recorded below, while 
Case 2 represents a more severe and permanent clouding with prac- 
tically complete amnesia for the period on recovery. 

Case 1. — Symptomatic depression with episodic clouding, sense-falsidcation 
and apprehension. Central neuritic syndrome and fatal outcome. 

B. S., white woman, aged 35, observed first at home and later in the Good 
Samaritan hospital. The family history as far as obtained was negative for 
mental and nervous disease. The patient was stated to have been healthy 
except for malaria in childhood. The first attack of pellagra appeared in 
April, 1910, and subsided in the following month, but was accompanied by some 
depression. The second attack was very similar and appeared in April, 1911. 

The third attack of pellagra was more severe and began in April, 1912. This 
was accompanied by severe gastro-intestinal symptoms and was still present in 
July when she was examined by the commission, who state that she then was 
very weak, much depressed and did not seem at all times to be quite clear in 
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her mind. This outbreak gradually subsided, but the erythema recurred again 
in December, 1912, with an exacerbation in January or February, 1913. 

Mental picture; July 16, 1913. The patient appeared very dull and apathetic, 
intensely depressed, ^‘life is not worth living, ’’ spoke in a low, rather monotonous 
voice, slowly and only with frequent urging. She seemed to be entiely clear 
and perfectly oriented as to her surroundings and the situation. When left to 
herself she lay in bed almost without movement, paying but little attention to 
what was taking place around her. 

In answer to questions she expressed a feeling of fear, at times severe, as 
if “something going to get me.^’ She mentioned the occurrence of “bad dreams” 
in which she would see horrible things, animal forms which she could not 
describe. She would also hear voices, even when awake, some of which were 
recognized, others were strange. They frightened her but she could not give 
the content more than to say that they were “just calling me.” There was at 
the time of examination a full realization that they were imaginary but “they 
just come by spells” and at such times seemed real. In answer to a leading 
question she stated that at such times she did not feel clear in her mind. 

Such periods as this came irregularly and lasted perhaps a day but she could 
not give any details as to frequency. The picture of hopeless apathy continued 
during the week that she was under observation, without the appearance of 
any objective evidences of clouding or apprehension. There was, however, a 
rapid development of signs of a “central neuritis” reaction, gross exaggeration 
of deep reflexes, bilateral extensor plantar reflex, slight jactatoid movements, 
nausea and vomiting. In spite of a temporary improvement in the last few days 
of July, the patient died August 9, 1913. 

Case 2. — Deliriotis type. Severe clouding of consciotisness with sense-f^l^i'" 
fications of dream-like character and of depressive and more or less horrible 
content. After about four weeks a brief period of apathetic stupor and recov- 
ery zoith amnesia; subsequent exacerbation with fatal outcome, 

S. M. P., white woman, aged 23, housewife. Admitted July 11, 1913. The 
friends and relatives were very ignorant and the history is consequently not 
full. As far as could be determined, the family history showed nothing of 
importance for two generations. The patient was always healthy and had no 
serious illness. She had some attacks of “fever,” but was at no time out of 
her head. The family were in poor circumstances and she had no schooling. 
She was described as of quiet, retiring disposition, high-tempered and “some 
selfish.” She was, however, contented and cheerful, “would sing right smart” 
and worked steadily. Always scrupulously neat and clean, “an excellent house- 
keeper,” “nothing ever out of order.” She was married about two years ago ; 
has been happy and has one child about 1 year old. 

Pellagra: The first attack occurred in the summer of 1912, five months before 
the birth of her child. She then had a characteristic erythema of the hands 
with stomatitis and diarrhea. She was not very ill and is said to have had 
no mental disorder except “some loss of memory” and a general malaise. These 
s^'mptoms all cleared up during the summer, although there is said to have been 
some scaling of the hands more or less until the present attack. Towards the end 
of ^Ia 3 % 1913, the hands again became sore and soon after there appeared sore 
mouth and diarrhea. 

Mental disturbance : About the beginning of the last week of June, 1913, the 
patient became “queer in her head.” She seemed “to be hearing voices and 
talking to them.” At first more or less intermittent this condition has become 
worse and practicall}’' continuous with increasing restlessness and fearful excite- 
ment. Many of her utterances were quite unintelligible even to her relatives, 
but the general trend is illustrated b}" such remarks as she had “seen her mother 
dead,” her “head cut off,” etc. At times she would suddenly “jump up like 
she was going to run away,” and the restlessness had become so extreme as 
to make it difficult to care for her. During this period she* had been growing 
steadily weaker and had emaciated badl^'. 
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When admitted to the hospital she was extremely ill, with severe and char- 
acteristic erythema, stomatitis and diarrhea. When seen by me, July 14, 1913, 
no very complete examination was possible owing to the extreme illness of the 
patient, but no evidence of other somatic disease was discovered. Neurologically 
there was marked exaggeration of the deep reflexes but without clonus, and 
the plantar reflexes were of flexor type. Constant restless movements were 
present, tossing about in bed, pulling at the bed clothes and even trying to get 
out of bed. All these movements were feeble and tremulous but showed no 
incoordination and there were no convulsive jerkings or twitchings. 

All the time the patient was muttering, with occasional crying or appre- 
hensive screaming. Much of what she said could not be understood, partly 
because of the low muttering, and partly because of the dysarthria due to severe 
ulcerative stomatitis. Samples of spontaneous utterances are: “Give it here 
. . . give it here . . . Oh! get up . . . get loose from there . . . 

I can’t do nothing . . . (pulling at the bedclothes and looking around appre- 
hensively) ... I wouldn’t use you that way . . . Oh 1 . . . Oh I 

. . . you’re on my dress ... I want my dress . . . (cries and 

moans fretfully and becomes unintelligible).” “I go up and go all over the 
place ... go from here to the mill . . . and never know what is the 

matter . . .” “Annie . . . Annie . . . Annie . . . Oh 1 . . . 

Oh! dear (screams) . . .” 

During this time she was apparently taking no notice of her surroundings, 
paid no attention to the examiner or her sister when they entered the room nor 
to the fact that someone was sitting close beside her. By speaking loudly and 
persistently it was possible to gain some degree of attention and even some 
degree of relevancy in response. When asked her name she did not give it but 
when asked to spell it said somewhat slowly and monotonously, “R - i- n- e- e- 
n-h-e-a - e-a-h-e-a-t-a-t-a-t” (her maiden name was Rhine- 
hart). She gave the name of her home town correctly, but when asked her 
father’s name gave that of her husband. When asked if she was sick she replied, 
“Of course I am ... Go away from here ... I don’t want to talk to you 
. . . I want to go home . . . Annie . . . Annie . . . Oh I . . . 
Oh! . . . dear.” Questioned as to her baby she said that “she (the baby) is 
dead.” This is not true but is an illustration of the depressive content of the 
ideas. No answer indicating any grasp of where she was could be obtained 
and she apparently failed altogether to recognize her sister or brother-in-law. 

She virtually did not sleep the following night, but screamed and yelled as 
if in fear or in pain. The next morning, however, she was a little brighter 
when roused, recognized her sister and called her by name, but immediately 
again became more clouded and presented a picture much as before. 

July 17 she was obviously clearer and more easily roused but fretted and 
moaned much of the time. She then stated that she “felt terribly bad” and 
spoke spontaneously of a visit from her sister and mother (the latter had not 
been there) and added that she had not seen her husband. With regard to 
herself she said “seems like I haye just given way and haven’t got any use to 
myself ... I can’t get up . . . couldn’t do nothing.” • When questioned 

about her baby she replied that she was “doing nicely, thank you.” She very 
speedily became tired and more fretful and denied any knowledge as to her 
. whereabouts. 

From that time she became gradually brighter when roused but at the same 
time more heavy and apathetic when left to herself. It was not until July 22 
that she was able to recall the name of the hospital or the examiner, although 
these had been told to her repeatedly. At this time she said she was “feeling 
good” but very tired. She stated “T’ve got my mind now . , . have for a 
long time ... I used to didn’t have none, didn't know nothing.” In answer 
to question she professed to be entirely ignorant as to what had happened for 
two or three weeks but came to herself “last week.” She spoke of the period 
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as being “all like a dream,” but was apparently unable to remember any of the 
dream. 

Coincident with the improvement in the mental state the pellagrous symp-’ 
toms had been improving. The skin eruption was almost gone on July 20 and 
the diarrhea, after becoming gradually less, ceased altogether about July 22. 
She remained weak but clear mentally until September 1, when she became 
stuporous and died September 7. 

Occasionally, periods of delirium recur several times in relation 
with exacerbations in the general manifestations of pellagra. One 
such example was seen at Milledgeville in the case of T. S., a colored 
man, who had four such brief periods of apprehensive excitement in 
which he vaguely remembered horrible “dreams” of being pursued by 
wild animals and tortured by persons in his environment with whom 
he fought. These “dreams” explain his conduct as observed during 
the attacks and each occurred in association with an exacerbation of 
diarrhea. 

The relation of pellagra as the cause of such attacks is fully intel- 
ligible, but it should be remembered that different individuals show 
different relations to intoxication. Some very easily become delirious 
from alcohol or mild infectious fever ; others seem able to resist much 
larger doses and more severe infections. It is thus generally recognized 
that the persons who readily develop delirium are poorly constructed 
in some w'ay. The fact that delirium occurs so frequently in pellagra is 
capable of two explanations. Either the toxin is extremely virulent, 
or the individuals who suffer from pellagra are especially those of poor 
nervous organization. This latter possibility is in keeping with the 
suggestions already made in this direction. 

II. Disorders in which the Character of the Picture is due to the 
Personality of the Individual Affected. — It would be entirely out of 
place here to attempt to describe these pictures. They differ in no way 
from other examples of such types not associated with pellagra. It is 
true that the pellagrous intoxication may give rise to a delirious stamp 
which may render the recognition of the type more difficult, but such 
features, as in the deliriums already described, will run a course 
parallel to the other pellagrous manifestations, whereas the elements 
in the disorder belonging to the personality of the patient will remain 
more or less independent of them.^ This is also the case with examples 
of such psychoses arising in connection with specific fevers. Dementia 
praecox precipitated by a puerperal infection may be recognizable at 
first only as a delirium, Avhich disappears with the subsidence of the 
infection, while the peculiar traits of conduct which make up the 
dementia praecox picture become thereby more and more obvious. 

It may be said, then, that disorders of this kind run a similar course 
with a similar outcome (except that the pellagra brings Avith it a far 


3. See Case 2 “Pellagra in Illinois,” The Archives Int. Med., 1912, x, 162. 
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greater menace to life) to that of cases arising with some other factor 
as a precipitating agent. The dementia praecox types result in what is 
called deterioration or dementia, the manic-depressive modes of reac- 
tion subside after a shorter or longer time without dementia, and so on. 

In cases of this kind which have been investigated by me, evidences 
of the type of personality which results in such developments have 
been demonstrable before the onset of pellagra. An excellent illustra- 
tion is afforded by a typical outbreak of manic excitement coincident 
with the appearance of pellagra which led to the first commitment of 
the patient.® The anamnesis revealed evidence of a manic-depressive 
type of make-up for several years before. 

An excellent example of a dementia praecox picture, with apparent 
recovery, was seen at Milledgeville. A very full katamnesis was 
obtained in which it was learned that the fancies and imaginations with 
peculiar forced reactions had been present, although unknown to 
relatives, for at least nine months before the outbreak of pellagra, 
which did not become quite definite until after admission, although 
suspected at the time when she was received. Another patient was 
seen at Columbia with considerable deterioration, of the dementia 
praecox type, who had been admitted to the hospital on several occa- 
sions with attacks of pellagra, but in whom the mental disorder, as 
stated by Dr. Saunders, had been present at least one year and a half 
before the first attack of pellagra. 

Below is published in detail another case (Case 3), probably belong- 
ing to the dementia praecox group, but with certain other features of 
nervous disease which seemed worthy of record. The absence of any 
parallelism between the pellagra and other nervous manifestations is 
here obvious. 

These illustrations might be multiplied without advantage, sufficient 
having been said to illustrate the point under consideration. It may 
be that cases occur in which the sequence here claimed cannot be 
demonstrated, but where it has been possible to obtain sufficient infor- 
mation, no case has yet been presented to controvert this claim. Both 
at Milledgeville and Columbia an effort was made to see every pellag- 
rous patient who had been detained as an example of chronic insanity. 

With regard to Group III, there will be but little objection to the 
views expressed, tliat the pellagra and nervous disease are separate 
disorders, although it is possible that some degree of correlation may 
exist, in that one may predispose to the other. The question of a gen- 
eral paralytic type has already been discussed and need not detain 
us here. 


6. See Case 3, "Pellagra in Illinois,” The Archives Ixt. Med., 1912, x, 166. 
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FREQUENCY OF THE DIFFERENT TYPES OF MENTAL PICTURE 

This subject may be considered under two headings. First, the 
frequency in a series of cases of pellagra, and second, the frequency 
in a series of cases committed to a hospital as “insane.” The material 
at hand is not entirely satisfactory for this purpose owing to the short 
time available. For the first part of the question, use will be made of 
the cases in which the patients were seen and examined by me, and of 
the 130 observed by the Pellagra Commission. The information in 
these latter cases is not always sufficient to justify a positive conclusion, 
but the errors will be small. 


TABLE 9. — Types of Mental Disorder in a Series of Pellagrins 



Thirty-four 
Unselected 
Cases Seen by 
the Author 

One Hundred 
' and Thirty 

1 Unselected 
Cases Seen by 

1 Commission 

Total 

Unselected 

Cases 

Eighteen 
Hospital 
CasesSelected 
for Severity 


No. of 
Cases 

Per 

cent. 

1 No. of 
j Cases 

Per 

cent. 

No. of 
Cases 

Per 

cent. 

No. of 
Cases 

Per 

cent. 

Group I — 








55.5 

Symptomatic depression 

9 

26.5 

41 

31.5 

50 

30.5 

10 

Delirious pictures 

2 

5.9 

10 

7-7 

12 

7.3 

2 

11.1 

Group II — 

! 







5.5 

Manic-depressive disorders 

0 

0.0 

0 

0.0 

0 


1 

Hysterical disorders 

1 

3.0 

0 

0.0 

1 

0.6 


0.0 

Dementia praecox dis- 







1 

5.5 

orders 

0 

0.0 

1 

0.8 

1 

0.6 

!(?)! 

Group III — 








5.5 

Arteriosclerotic dementia 

0 

0.0 

0 

0.0 

0 


1 

Presenile phychoses 

1 

3.0 

0 

0.0 

1 



0.0 

Senile dementia 

0 

0.0 

0 

0.0 1 

0 

■h 

1 

5.5 

Total 

13 

38.2 

52 

40.0 

65 

39.6 

16 

88.8 


For the second part, use has been made of the thirty pellagrins 
committed to the Columbia State Hospital from Spartanburg County. 
To these are added the figures obtained from the annual reports of the 
Georgia State Sanitarium. Many of the records of these cases and 
some of the patients were investigated by me, so that some discussion 
is permissible. 

From Table 9 it will be seen that in a series of 164 unselected cases 
of pellagra, mental symptoms directly attributable to this disease 
occurred in 62 or 37.8 per cent.; that 2 (1.1 per cent.) presented a 
psychosis depending on peculiarities in personal make-up, and that 1 
(0.6 per cent.) showed the mental picture of an involutional psychosis. 

From the above Table it will also be noted that in the 164 unselected 
cases of pellagra the disorders included in Group I constitute 95 per 
cent. (62 out of 65 cases) of the mental pictures observed in the series. 
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One is probably not justified in attempting to correct the groupings 
here given of the Georgia cases, because in many instances the patients 
were no longer in the hospital and the time available for a study of 
those remaining was very short. Nevertheless, it may be pointed out 
that the cases included under the head of “general paralytic type” 
seemed to be severe examples of delirium (none of these patients were 
seen) and that some of the manic-depressive depressions appeared to 
belong rather to our group of symptomatic depression. Of all the 
fifteen cases of dementia praecox type only four were still present in 

TABLE 10. — ^Types of Mental Disoeder Associated with Pellagra Admitted to the 
Georgia State Hospital in 1911 and 1912, Taken from the Annual Reports 
OF Th.\t Institution, and of Those Admitted to the South Carolina State 
Hospital from Spart.-vnburg County in 1912 and the First Half of 

1913 




Georgia Cases 

1 

Columbia 

Cases 

Per Cent, 
of Grand 
Total 


1911 

j 

i 

1912 

j 

Total 

] 

Per Cent. 
ofTotal 



Per Cent. 
ofTotal 

Group I — 

1 




1 





Symptomatic depression.. 

0 

0 

0 


2 1 

1 

3 

10.3 

Delirious pictures" 

38 

46- 

84 


16 

4 

20 

68.9 


General paralytic typef . . . 

6 


8 


0 

0 

0 

0.0 


Group II — 





1 





Manic-depressive disorders 

8 


18 

11.7 

2 

0 

2 

6.9 

Dementia praecox dis- 









9.9 

orders 

9 


15 

9.8 

2 

1 

3 

10.3 

Paranoic disorders 

0 

1 

1 

0.7 

0 

0 

0 

0.0 

0.6 

Group III — 



1 

1 






1.7 

Involutional psychoses... 

2 

1 

3 

1.9 

0 

.0 

0 

0.0 

Senile dementia 

2 

0 

2 1 

1 

1.3 

1 

0 

1 

3.4 

1.7 

Undetermined types 

5 

1 

17 



0 

0 

0 

0.0 

12.1 

Total 


83 

153 

100.0 

23 

1 

6 

29 


100.0 


* In the hospital reports these cases are grouped under the title of infective-exhaus- 
tive types. 

t These in all probability belong with the delirious pictures. 

July, 1913. In them the grouping seemed justifiable. Of the others, 
some were dead and the records at times suggested rather a delirious 
picture, while others had been discharged. A study of the records of 
the cases in which no type had been determined naturally permitted no 
conclusions, but it may be said that death followed speedily in many of 
the cases and this suggests that many of these patients belong in the 
delirious type. 

Leaving the figures as given in the hospital reports it is obvious that 
delirium is by far the most frequent form of mental picture which 
leads to commitment. The effect of reclassification would be only to 
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augment this group at the expense of the others. It would be a matter' 
of great value and interest if the subsequent history as regards out- 
come of the psychosis could be followed in detail for all cases in these 
various groups. 

If one compares the proportion of the different groups in Table 10 
with that in Table 9, it will be obvious that a very erroneous impres- 
sion of the relative frequency of the different types of mental disorder 
associated with pellagra would be gained if the data were limited to 
the cases admitted to a hospital for the insane. Group I constitutes 
95 per cent, of all forms in Table 9 and but 63 per cent, (as a mini- 
mum) in Table 10. 

One other comparison may be made at this point which tends to 
emphasize the correlation between faulty nervous organization and 
liability to pellagra. According to' the annual report of the Georgia 
State Sanitarium for 1912, there were admitted to that hospital 132 
cases of dementia praecox and 150 cases of manic-depressive insanity. 
Among the pellagrins it will be seen from Table 10 that there were 
six examples of a dementia praecox type of personality, and ten of 
manic-depressive constitution. The ratio between pellagrous and non- 
pellagrous individuals in the two groups is 1 : 22 and 1 : 15, respectively, 
proportions which are unquestionably far greater than that of pel- 
lagrous to non-pellagrous sane inhabitants of the state of Georgia. 

OUTCOME 

From a practical point of view, this is probably the most important 
question of all. The facts recorded above afford ample justification 
for the general recognition of the frequent association between insanity 
and pellagra. But they do not support the gloomy prognostications 
which are so prevalent and so distressing in pellagrous regions. 

It will be noted that of all the examples of mental disorder occur- 
ring in a series of 164 unselected cases, 95 per cent, are included under 
the heading of symptomatic depression or delirium. Furthermore, that 
of the cases committed as ‘‘insane” at least 63 per cent, come under this 
same category. All of these cases will recover provided they live 
through the attack of pellagra. The mental symptoms bear exactly 
the same relation to pellagra that the similar disturbances occurring in 
connection with other infective or intoxicative diseases, such as typhoid 
and tuberculosis, do to these diseases. They do not lead to any per- 
manent mental disorganization. 

This at once brings up the question as to whether there is any form 
of chronic insanity which can be considered as being directly due to 
pellagra. This question is necessarily closely bound up with the view 
which is taken as to the role which is played by pellagra in the etiolog)' 
of dementia praecox. This has already been discussed and the view 
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expressed that such a development is the result of the personality of 
the individual rather than the consequence of the disease process which 
constitutes pellagra. Many of the examples of these types have shown 
definite mental disturbance prior to the outbreak of pellagra. It would 
be impossible to say definitely that all others would have developed the 
ps3'’chosis if they had not contracted pellagra, but there is no doubt in 
my mind that the probabilities are strongly in favor of such an occur- 
rence. For, difficulties to be faced must occur in even the most pro- 
tected existence and it becomes a question of the degree of ability 
possessed by the individual to adjust in a manner which more or less 
satisfactorily meets the difficulties. The answer to this question is the 
determining factor in the evolution of a psychosis. In other words, 
such a personality must be considered as always standing on the edge 
of a precipice over which he may slide as the result of any difficulty 
whatsoever, provided it cause him sufficiently to stumble. The man 
with average capacity for walking amid the irregularities of the path- 
way of life will successfully maintain his poise, while he with poorly 
balanced mechanisms of coordination or adaptation is liable to fall. 

Besides this form of dementia, it is also possible that, like alcohol, 
pellagra might produce a degenerative condition in the nervous system 
with resulting chronic dementia. Wliile this possibility cannot be 
denied, I can state definitely that in spite of a close search for examples 
of such end-result I have as yet failed to find one. At Milledgeville, 
an attempt was made to interview all still present patients with 
“psychoses accompanying pellagra,” with this question in view, but 
without result. It may be that I am including some examples of this 
kind with the terminal stages of dementia praecox, but the number is 
certainly small and in my opinion entirely negligible. 

It thus seems justifiable to conclude that pellagra is especially fre- 
quent in individuals of faulty nervous organization, and that in con- 
sequence there occur, in association with it, a greater percentage of 
such disorders as dementia praecox, manic-depressive insanity, hysteria, 
etc., than prevails among more healthy persons, yet the vast majority 
of the mental disturbances occurring in connection with pellagra are 
of no more significance qua “insanity” than are the deliriums of typhoid 
fever. It is, however, probably true that, just as in that disease, the 
appearance of delirium or severe depression is a sign of the severity 
of intoxication and greater danger to life. 

NERVOUS MANIFESTATIONS 

This subject will be dealt with extremely briefly, for the reason 
that tliere is but little to add to what has already been said by me in 
the report of the Illinois Pellagra Commission. One cannot but be 
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impressed with the strong conviction which prevails that pellagra is 
especially a disease of the nervous system. Thus we find Wood^ 
stating, ‘Tt is a daily problem with me and my colleagues to differen- 
tiate between myelitis of specific origin and similar pathologic con- 
ditions produced by pellagra.” 

Among the cases seen in the South, apart from the results of 
arteriosclerotic changes such as cerebral thromboses, it has been my 
experience to observe only one case in which there were evidences of 
chronic structural change in the nervous system. (This is entirely in 
keeping with the findings in regard to chronic dementia.) It is true 
that many of the severe and fatal cases present the syndrome of central 
neuritis, which is a reaction of the central nervous system to severe 
intoxication. This subject has already been amply discussed in the 
Illinois report and the anatomical findings in a series of cases published 
by L. J. Pollock and myself.® Dr. E. B. Saunders kindly furnished 
me with information as to the mode of death among pellagrins in the 
Columbia State Hospital. According to her observations, in a series 
of 88 fatal cases, sixty-four patients (74.7 per cent.) died with central 
neuritic symptoms, nineteen (21.6 per cent.) with appearances of 
simple exhaustion and five (5.6 per cent.) terminated suddenly from 
some unknown' cause. In all severe cases there are evidences of 
irritable weakness in the nervous system, such as tremors, exaggera- 
tion of tendon-jerks, increased myotatic irritability, etc., entirely com- 
parable to those met with in other severe intoxicative conditions, such 
as tuberculosis. Occasionally loss of knee-jerk is reported, the exact 
meaning of which is not always clear. The only example in the series 
here reported in which such a loss existed was that of an old man with 
severe arteriosclerosis who had suffered from a cerebral insult before 
the onset of the pellagra. The right knee-jerk (on the side of the 
hemiplegia) was present, but faint, while the left was absent. In the 
light of other experience, it seemed more probable that the lost knee- 
jerk was associated with some cerebral lesion rather than with the 
pellagra. 

The single instance of chronic nervous disease which has come 
under my observation is deemed worthy of record in detail. 

Case 3. — “Shut-in” type of personality. Loss of interest following first attack 
of pellagra. More definite psychosis of dementia praeco.v type of about nine 
months’ duration ending in apparent recovery after a second attack of pellagra. 
Occasional sudden brief attacks of loss of power in the lower extremities since 
the first attack of pellagra. Atrophy of small muscles of hands and spastic para- 
plegia of gradual evolution following the second attack of pellagra. 

7. Wood, E. J. : Treatise on Pellagra, D. Appleton & Company, 1912, p. 228. 

8. Singer, H. D., and Pollock, L. J.: The Histopathology of the Nervous 
System in Pellagra, The Archives Int. Med., 1913, xi, 563. 
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F. B. M., white, male, aged 21, no occupation. Anamnesis obtained from the 
father, stepmother, sister and the patient. The mother died in all probability 
of pellagra seventeen years ago, although the diagnosis was not made at the 
time. Her illness is described as resembling in all particulars that of the patient 
as regards eruption on the hands, stomatitis and dysentery, except that it was 
more severe. The mother was nervous but there is no other history of 
importance. 

The patient was always healthy and thought to be of average brightness. 
He had never been very enthusiastic about games and always preferred to play 
with children younger than himself. He was well liked, but had no confidants 
and kept much to himself; never cared to go out to parties, stfiyed much 
around home, and did not mix with members of the opposite sex. He was 
never a leader; did not read much and although he took pleasure in driving 
an automobile and caring for it, he seems to have spent much of his spare time 
loafing around the house. He has formed no definite plans or ambitions and 
seems to have taken it for granted that he will enter his father’s business of 
lumber merchant. He has never caused any anxiety by getting into mischief 
and has been thought above the average in regard to morality. Thus the strik- 
ing features of his make-up are chiefly negative and there is a lack of the push, 
activity and mischief of the average healthy boy. 

In the summer of 1910 he suffered with an attack of malaria which was 
not very severe and from which he made a good recovery. 

In March, 1911, there developed an erythema of the backs of the hands 
with some malaise which was recognized as pellagra. This attack was mild 
and disappeared in two or three weeks, but on his return to school it was 
noticed that he did not take as much interest as before. He wished to leave 
and fell behind so that his younger sister caught up and eventually passed him. 
He seemed to be unable to get his lessons, loafed around more and was even 
more retiring than formerly. 

In the summer of 1911 he delivered papers for a newsdealer for a few days 
but then gave it up. While on his rounds he had a peculiar “spell” and had 
some ten or twelve of these between that time and October, 1912. As these 
attacks are said to be all alike it will suffice to describe one. 

Spells; The onset is more or less abrupt and apparently most often during 
walking. The first manifestation is a sense of “drawing of the left side of 
the body,” which seems to pull him over backwards and to the left. On some 
occasions he has been able to reach some support but generally he has fallen. 
His legs rapidly become stiff, weak and numb and for a while he cannot move 
them at all. There is no pain, dizziness or loss of consciousness according to 
the patient. The sister, however, stated that he had once been brought home 
unconscious in one of these spells. The patient recalls the incident and has 
apparently a clear recollection of it, so that it is at least doubtful whether he 
has ever lost consciousness. In an attack seen by the father he remained clear 
throughout. The paralysis gradually passes off and he is quite all right again 
in about fifteen to twenty minutes after the onset. In the attack observed by 
the father in June, 1912, while out in the woods he was able to walk back to 
camp at the end of twenty minutes, a distance of one and one-half miles. 

There has never been any convulsive movement nor loss of sphincter control 
and he has seemed to recover fully afterwards. 

In March, 1912, there was a second and more severe attack of pellagra. 
Following this he became listless, wanted to leave school and said that he 
could not keep his mind on his books. He did not seem depressed, but merely 
loafed on the porch or about the house. About the end of June he showed 
more definite evidence of insanity and began to express such notions as that 
everyone was watching them, the house was to be burned and they were to be 
shot. He did not react much to these thoughts and showed no sign of fear, 
but he did ask for his gun, which had been removed by his relatives, and once 
spoke to a policeman asking him to be on the watch for these people. He 
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wandered aimlessly about the house peering into corners and rummaging in 
drawers and had to be watched to prevent him from going away from the 
house. For a long time he carried a woolly rug around with him, offering no 
explanation for so doing. He seemed to take little notice of anything and. was 
often very ‘‘obstinate.^' For a time he was entirely mute and refused food and 
medicine. He would object to getting into a bath and, once in, would refuse 
to come out, although he was never violent. Sense-falsifications were prob- 
ably present. He would stop as if listening and mutter to himself and spoke 
of electricity and automobiles in his back. 

He seems to have slowly become worse until October, 1912, when he was 
committed to the Columbia State Hospital. At this time it was noticed that 
he was weak in his legs and hands and required supporting to walk at all. This 
was, however, attributed to disuse and was not considered seriously. 

It was impossible to determine the exact relation between the pellagra and 
the mental disturbance. The listlessness and loss of interest appeared in marked 
form soon after the appearance of the eruption on the hands, but this was entirely 
gone when he went to Columbia. It seemed probable that the diarrhea and 
stomatitis, which were present in March, had disappeared before July. 

At Columbia the patient remained in bed with apparent indifference to his 
surroundings, but without active symptoms of any kind. Slowly he began to 
improve, both as regards interest in his environment and home, in his walking 
and the use of his hands, which were at first practically in' abeyance. He was 
discharged as recovered July 17, 1913. 

When examined the day after his return home the following facts were 
noted : A tall, muscular lad with an apparent age of not more than 17, although 
he was actually 21. There was little hair on the face, although it was normally 
present elsewhere on the body. The ears were large, irregular and asym- 
metrical. Genitalia well developed. 

The gait w^as markedly spastic and he used a cane in walking.* The feet 
showed a high arch. The knee- and ankle-jerks were markedly and equally 
exaggerated and a few clonic jerks, not sustained, were obtained at both ankles. 
Both plantar reflexes were of extensor type. The small muscles of the hands 
were much atrophied, with a characteristic main en griffe. The forearm 
muscles were small and power was much diminished, the wrists showing defi- 
nite extension when an attempt was made to grip firmly. The grips were both 
feeble. No atrophy was detected elsewhere. Electrical examination was impos- 
sible owing to the lack of apparatus. The abdominal muscles were of good 
power and the epigastric and abdominal skin reflexes were present. 

The only sensory disturbance discovered was a hypalgesia, not by any means 
complete, in the region of the first dorsal root distribution on the left forearm. 
No incoordination was detected. 

A fine lateral nystagmus was present on extreme deviation of the eyes, 
especially when they were rotated to the left. No other ocular disturbances. 
Fundi healthy. The tongue deviated slightly towards the left when protruded, 
but there was no obvious loss of power in any movement and no defect in 
speech or swallowing. The facial movements were normal. 

Bladder disturbance was at first entirely denied, but in reply to a leading 
question it was learned that there had developed some hesitation in starting 
the flow of urine. 

The picture is thus not very clear or characteristic, but it was thought that 
the condition was probably one of syringomyelia and that the transient “attacks’’ 
of paraplegia might be due to minute hemorrhages or other vascular disturb- 
ance in the growth. Although it is said that he recovered perfectly from these 
attacks, it should be noted that the onset of the spasticity and atrophy of muscle 
were not noticed until they were severe and that the onset was quite possibly 
very insidious. 

Katamnesis: With regard to the evidences of mental disorder, the patient 
simply denied most of them although he claimed to have been entirely clear 
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throughout. He admitted that he had been “out of his head” for the first 
period of his residence at Columbia, but attributed this to drugs and hypo- 
dermics. (The only drugs used were simple tonics.) He denied sense-falsi- 
fications except that he had had shocks “like electricity” in his back; denied 
that he had ever thought the house was to be burned or that people were watch- 
ing the house. He would not meet or talk to people because he was afraid he 
might have one of his “attacks,” of which he was ashamed. His memory for 
the events of the period of psychosis is apparently good and he gave a good 
account of his trip to Columbia. 

He talked freely and answered questions without apparent evasion, but 
volunteered little and was not deeply concerned. His father considered him 
entirely recovered and attributed the somewhat listless attitude and poor interest 
to the weakness and disability resulting from the nervous lesion. 

In spite of the close relation in point of time between the onset of 
the nervous symptoms and the attack of pellagra, one can hardly doubt 
that here the latter acted merely as a precipitating factor, both with 
regard to the psychosis and the nervous disease. As is well known, 
syringomyelic conditions are occasionally discovered at autopsy which 
have apparently caused no symptoms during life ; also, it is not uncom- 
mon for the clinical manifestations to appear following some inf ectious 
fever in individuals who have previously been considered normal. The 
same is also true for other diseases belonging to this group of con- 
genital anomaly, so that even if the suggestion that this is a case of 
syringomyelia is not correct the argument will still hold. The same 
explanation in all probability applies to the case published in England 
by Box“ with a histological study by Mott.^° 

The occurrence of such cases as this is a further argument in favor 
of- the suggestions which have been made in discussing the mental 
disorders, that faulty nervous organization seems for some reason to 
be associated with a predisposition to pellagra. 

In closing this chapter reference may be made to the frequency 
with which manifestations appeared to point to especial involvement 
of the vestibular apparatus. This has been recorded before, but seemed 
to be especially prominent in the more severe forms of the disease 
observed in Spartanburg. Vertigo, often extremely annoying, at times 
constituted the main complaint of the patient. It was often sudden in 
onset and would result in falling, sometimes with vomiting. In most 
cases this dizziness would appear only when the patient was up and 
walking about, but in some it was present at times even when lying 
down. It was usually associated with more or less severe tinnitus and 
less frequently with a sense of pressure on the head. None of these 
attacks was actually observed. Among the eighteen severe cases in 

9. Box, Charles R., and Mott, F. W. : Trans. Soc. Trop. Med. and Hyg., 
1913, vi, 149; Brit. Med. lour., luly 5, 1913, p. 2. 

10. Mott, F. W. : Trans. Soc. Trop. Med. and Hyg., 1913, vi, 157; Brit. Med. 
Jour., July 5, 1913, p. 4. 
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the Good Samaritan Hospital, this syndrome was more or less promi- 
nent in six. 

SUMMARY AND CONCLUSIONS 

1. Mental disturbance occurs in about 40 per cent, of all cases of 

pellagra. Such disturbances are more frequent with repeated attacks. 
Children are practically exempt. They are most common in men 
between 21 and 40, and women about 41 to 60. ^ 

2. About 95 per cent, of the mental disorders are the direct result 
of the pellagrous intoxication, and although the mortality in such cases 
is much higher than in cases without such disorder, yet the mental dis- 
turbance will fully recover if the patient survives: They correspond 
to similar disturbances in other somatic diseases and in such case are 
often described as not “insanity.” The remaining 5 per cent, are 
examples of mental disorder primarily dependent on the individual’s 
make-up, or else are merely concomitant. 

3. Faulty nervous organization, including inadequate mental adapt- 
ability, seems to be associated with a predisposition to pellagra. This 
seems to afford the most satisfactory, even if only partial, explanation 
of the extraordinary frequency of pellagra arising among the insane, 
the increased frequency of functional psychoses and psychoneuroses 
and of nervous disease of the congenital anomaly type among pellagrins 
as compared with more normal individuals. 

4. Chronic “insanity” due strictly to pellagrous intoxication, if it 
occurs, is rare. 

5. Chronic nervous disease as the result of pellagra, if it occurs, is 
exceptional. 



FURTHER OBSERVATIONS ON THE BLOOD-COUNT 

IN PELLAGRA* 


OLIVER S. HILLMAN, M.D., and PAUL A. SCHULE, M.D 

NEW YORK 

In a previous article^ one of us summarized the more important 
changes that occur in the blood-count in pellagra. In the present 
communication we desire to record briefly our observations on another 
series of pellagrins, all of whom resided in, or adjacent to, Spartanburg 
County, South Carolina, in which locality the Thompson-McFadden 
Pellagra Commission has been investigating the disease. The data 
included in this report were obtained from patients examined during 
the summer and early fall months of 1913, when many new cases of 
pellagra were seen, as well as a large number of patients who had had 
one or more attacks of the disease. The information derived from this 
study confirms and amplifies the work of the commission carried on 
along the same lines in 1912. In the investigations of 1913 more par- 
ticular attention was given to the relationship (if any) existing between 
the total leukocyte and differential counts, especially in the primary 
acute attacks of the disease. It was our main intention, however, to 
examine a fairly large and representative series of cases from the 
standpoint of the differential count, even in the absence of the corre- 
lated total leukocyte count. A few confirmatory observations were also 
made on the hemoglobin percentage and number of red corpuscles. 
The actual technic employed was essentially the same as detailed in 
the former paper, and was such as to insure consistent results with a 
minimal error. 

In the accompanying table the differential leukocyte count is given 
on a series of forty-six pellagrins, together with the total leukocyte 
count when this was made, and also a few remarks with regard to the 
incidence of the attack, its nature (whether mild or severe), and the 
probable duration of the attack. Inspection of the table discloses the 
fact that lymphocytosis is the predominant feature in the majority of 
cases. In this connection it might be said that a few observations made 
on non-pellagrins in regions where pellagra was endemic revealed a 
moderate relative lymphocytosis, incidental, in all probability, to a 
poor state of general health, or to some mild gastro-intestinal dis- 
turbance. 


* Submitted for publication July 18, 1914. 

1. Hillman : Am. Jour. Med. Sc., 1913, cxiv, 507. 
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Total 


6.500 

4.500 

10,000 

6.050 

7,200 

6,000 


6,650 

8,800 

6,000 

8,200 

7,500 

8,250 

8,800 


7,150 

6,700 

6,000 

8,800 

8,750 


10,150 

9,800 

7,550 

9,800 

6,650 


9,800 

8,000 


8,000 

6,500 


7,100 


Nature and Duration 
of Attack 


First attack, mild; six months. 
Recurrent attack, chronic; six 
months. 

First attack, severe; six weeks. 
First attack, severe, chronic; 

three months. 

Recurrent attack, chronic. 
Recurrent attack, chronic; two 
months. 

Recurrent attack, chronic; four 
months, recovery. 

Recurrent attack, chronic; three 
months, recovery. 

Recurrent attack, chronic; six 
weeks, recovery. 

Pirst attack, chronic;' two 
months, recovery. 

First attack, chronic, two 
months. , 

Recurrent attack, chronic, mud, 
recovery. 

Pirst attack, subacute; one 
month, recovery. 

Recurrent attack, chronic; one 
month, died. . ^ 

Recurrent attack, chronic, died. 
Recurrent attack, chronic; two 
months. ^ 

Recurrent attack, chronic, re- 
covery. 

First attack, mild; recovery. 
First attack, subacute; reeov- 

ery ■ *. 

Recurrent attack, acute; two 

w^eeks . 

Recurrent attack, 

First attack, chronic, miia, 
recovery. 

Recurrent attack, acute, tnr 
weeks, died. 

First attack, acute; two weeks. 
First attack, subacute. 
Recurrent ^ attack, acut , 
weeks, died. . . 

First attack, chronic, h 
weeks, recovery.. 

Recurrent attack, chronic. 
Recurrent attack, acute, diea. 
Recurrent acute. 

First attack, acute; one weeK. 

First attack, acute; four weeks. 
Recurrent attack, ac^e. 

First attack, acute, four we 

Recurrent attack, chronic, on 
Fi™t°^attack, subacute; two 
Rrairrent attack, chronic. 

Recurrent attack, subacute. 

First attack, acute, two w 
Recurrent attack, chronic, • 
First attack, acute, two wecK 
First attack, subacute, 

months. . 

Recurrent attack, 

First attack, chronic, milo. 
First attack, chronic, two 
months. , . 

Recurrent, chronic, six 
severe. 
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In cases showing a decided lymphocytosis, the total number of 
leukocytes was practically normal or only slightly below normal in a 
few instances. Marked and persistent leukopenia does not seem to be 
a feature of this disease. As far as we were able to determine from 
the cases studied, there appears to be no definite relation between the 
degree of lymphocytosis and the severity or chronicity of the attack. 
The small lymphocyte with relatively little cytoplasm is the most com- 
mon type of lymphocyte in pellagrous blood. 

In the few patients examined during the first stages of an acute 
attack, a tendency was noted toward a slight rise in the leukocytes to 
maximum normal or a trifle beyond, but in no instance was a pro- 
nounced leukocytosis found. The differential count on these cases did 
not exhibit a polynucleosis, and in only one case of acute severe pel- 
lagra were the polynuclears over 70 per cent. A rise in polynuclears 
was recorded in a few recurrent chronic cases, due most likely to 
complicating factors. 

It has been mentioned by some workers on pellagra that the 
so-called large mononuclear leukocyte is relatively increased. Our 
observations would not tend to substantiate this finding as a constant 
feature, although in a few cases a slight rise in this type of cell was 
noted. 

The eosinophils varied considerably, as may be seen from the 
table. A very moderate eosinophilia was found in occasional cases, 
but to state that eosinophilia is characteristic of pellagra would not be 
justified from a study of this analysis. The prevalence in the South 
of hookworm infection and other forms of intestinal parasitism capable 
of causing an eosinophilia, is a factor to be considered in interpreting 
slight fluctuations in the number of eosinophilic leukocytes. 

With regard to the changes in the amount of hemoglobin and in 
the number of red corpuscles, it might be said that nothing further 
was detected other than a mild degree of secondary anemia which has 
been already noted in the first report. This anemia is not at all con- 
stant or characteristic of the disease. Cases of decided anemia occurred 
for the most part in patients afflicted with some associated condition to 
which the anemia was probably referable rather than to the pellagra 
per se. 



STREPTOCOCCUS VIRIDANS IN ITS RELATION TO 
INFECTIONS OF THE UPPER RESPIRA- 
TORY TRACT * 


RUSSELL L. CECIL, M.D. 

NEW YORK 

During the past decade numerous efforts have been made to devise 
a satisfactory classification of streptococci, most of them being based 
on the carbohydrate fermentation test. The most notable of the 
studies have been those of Gordon,^ S. Andrewes and Horder,- Wins- 
low,^ and Floyd and Wolbach.^ The reliability of the fermentation 
test has been questioned by Walker^ and others. Schottmueller’s® 
classification of streptococci, based on the appearance of the colonies 
on blood-agar, is at present perhaps the most practical, if not the most 
accurate classification of these bacteria. He divides them as follows: 

1. Streptococcus hacmolyticus {longus, pyogenes) , which on blood- 
agar produces a clear zone of hemolysis about the colony; morphologi- 
cally, it appears in chains of round or slightly oval cocci; this is the 
type almost constantly found in erysipelas, complications of scarlet 
fever and various suppurative processes of streptococcus origin. 

2. Streptococcus viridans (initior), which on blood-agar develops 
as a very small gray colony, surrounded by a zone of green ; in smears 
the cocci are seen in pairs which resemble pneumococci, or in short and 
long chains of cocci, arranged in pairs. Streptococcus viridans is 
usually without capsule ; it occurs chiefly in infections of endothelial 
and mucous surfaces. 

3. Streptococcus mucosus, the colonies of which appear on blood- 
agar as delicate, colorless, transparent, glistening drops of a mucoid 
consistency; microscopically, it is composed of chains of diplococci, 
surrounded by a thick capsule which shows no indentation between 
the pairs. 

Schottmueller’s work has been followed by a number of similar 
studies in which the reaction on blood has been used as a basis for 
classification. Most of these investigators find that, clinically, the 

^ Submitted for publication July 16, 1914. 

* From the Medical Clinic of the Presbyterian Hospital. 

1. Gordon: Lancet, London, 1905, ii, 1400. 

2. Andrewes and Horder : Lancet, London, 1906, clxxi, 708, 775, 852. 

3. Winslow: Jour. Infect. Dis., 1912, x, 73. 

4. Floyd and Wolbach: Jour. Med. Research, 1914, xxix, 493. 

5. Walker: Jour. Path, and Bacteriol., 1910, xv. 

6. Schottmueller : Miinchen. med. Wchnschr., 1903, li, 849, 909. 
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Streptococcus haeinolyticus and Streptococcus viridans produce more 
or less characteristic lesions, the former being associated with sup- 
purative or phlegmonous inflammation, the latter usually with milder 
catarrhal processes. 

During the last two years I have been making a study of the bac- 
teriology of infections of the upper respiratory tract, with special 
reference to the role played by Streptococcus viridans in these cases. 
The object of the investigation has been to determine: 

1. The incidence of Streptococcus viridans in infections of the 
various parts of the upper air passages and their adnexa. 

2. The clinical features of those infections in which Streptococcus 
viridans was the predominant organism. 

3. The relation of such infections to arthritis, endocarditis and 
other systemic disorders. 

4. The value of autogenous vaccines in their treatment and pre- 
. vention. 

More than a hundred cases have been studied, but for various 
reasons only eighty-nine have been included in the present report. 
The material for this study has been obtained for the most part from 
the medical clinic of the Presbyterian Hospital. A few cases from 
private practice have also been added. 

TECHNIC 

Without exception, the original cultures have been taken on glucose- 
blood-agar plates (in all cases human blood) defibrinated by sodium 
citrate or by shaking with glass beads. The agar was melted and one 
part of defibrinated blood added to two or three parts of agar. After 
the plates had hardened, the material to be examined was smeared 
over several of these (usually three) with sterile glass rods. This 
medium possesses the double advantage of being suitable for all the 
bacteria occurring in these parts and of furnishing a basis for the 
classification of streptococci according to Schottmueller’s method. The 
dift'erentiation of the green from the hemolytic colonies was much 
easier when the plates were a deep pink rather than red. This color 
was obtained by having the plates not too thick and by using blood 
slightly diluted with serum or salt solution. The blood used was 
always comparatively fresh and free from spontaneous hemolysis. It 
was found that blood which had remained in the ice-box for ten days 
or two weeks Avas unreliable. In old blood the cells become fragile 
and many strains of streptococci Avill produce hemolysis in it which 
fail to do so in fresh blood. In nearly CA’^ery case smears Avere made 
at the time the cultures Avere taken and stained Avith methylene blue. 
Hiss’ capsule stain and the Gram stain. The method of taking the 
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cultures will be described with each particular group of cases. A 
special effort was made in this study to determine the predominating 
organism ; while pure cultures were rarely obtained, it was found that 
with careful technic one, or at most two, organisms usually far out- 
numbered any others that might be present and in so far as they 
predominated could be looked on as the probable exciting agents in 
the infection. In those few cases in which pure cultures were obtained 
there was no doubt as to the character of the infection; In the others, 
the presumption was, of course, in favor of the predominant organism, 
but one could no longer be sure that the infection was a pure one. 

THE STREPTOCOCCUS VIRIDANS 

Before proceeding to a consideration of the problems mentioned 
above, a brief description of the Streptococcus viridans might not be 
out of place. Streptococcus viridans in a typical form is a very small 
Gram-positive diplococcus which grows in pairs or short chains. The 
arrangement of the cocci in pairs is rather characteristic. It is usually 
described as having no capsule. The individual' cocci are oblong and 
often definitely lanceolate. The chains are sometimes quite long, espe- 
cially in liquid mediums, in which they may extend across the entire 
field of the microscope, but short chains are more typical. On glucose- 
blood-agar colonies on the surface develop slowly as minute round 
gray dots, with a narrow halo of green. If the blood-agar is thick and 
contains considerable blood, the colony takes on a brownish tinge. 
Deep colonies are round or fusiform and light green with darker 
centers. If old blood has been used, a certain amount of hemolysis 
may occur, but even then the green color survives. The pneumococcus 
also has a green colony on blood-agar, but it is larger and flatter, 
usually umbilicated and produces more green than the Streptococcus 
viridans. On plain or ascitic agar the Streptococcus viridans forms 
small gray colonies which may show ( 1 ) adherence to the medium and 
(2) considerable variations in size, so that one often suspects the 
culture of being contaminated. On ascitic agar there is occasionally 
some precipitation of the albumin, but never so marked as in the case 
of Streptococcus haeinolyticus. The growth on ascitic agar is more 
luxuriant than on plain agar ; on plain or ascitic broth there is usually 
produced a slight turbidity with a flocculent or granular sediment in 
the bottom of the tube; litmus milk is coagulated; inulin may or may 
not be coagulated, usually not. Streptococcus viridans is not soluble 
in bile or bile salts. 

Variations . — The question as to whether the Streptococcus viridans 
is a pure type or merely an attenuated variant of the pneumococcus, 
is still an open question, with the evidence at present in favor of the 
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latter. The typical Streptococcus viridans is very small, but larger 
forms are often seen. The colony varies in size with that of the coccus. 
Short chains are more characteristic than long ones, but long chains 
do frequently occur. Small capsules are sometimes seen, in fresh 
sm.ears particularly, after passage of the organism through animals. 
On culture mediums the variations are not marked. Strains are 
encountered which on the one hand approach the Streptococcus 
haemolyticiis, forming no green and showing a slight tendency toward 
hemolysis; on the other hand, there are forms which resemble the 
pneumococcus, with colonies which are larger than that of the typical 
Streptococcus viridans and surrounded by a broader zone of green. In 
some cases the distinction from the pneumococcus is very hard to 
make. I have used the bile test as a final criterion. Inulin is fairly 
reliable, but there are a certain number of Streptococcus viridam 
cultures which will coagulate inulin. By repeated passage through 
animals Rosenow'^ was able to coagulate inulin with all his strains of 
Streptococcus viridans. He inferred from this and other mutations 
that the Streptococcus viridans was a modified pneumococcus. More 
recently Rosenow^ has reported that by subjecting the organism to 
various modifications in environment he has succeeded in transmuting 
streptococci into typical pneumococci and vice versa. The significance 
of this work will be referred to later. 

Virulence. — Streptococcus viridans is an organism of very low 
virulence for animals and rarely produces fatal infections in human 
beings. Of all the types in the streptococcus-pneumococcus group it 
approaches the nearest to being a saprophyte. This is particularly true 
of those growing in the normal buccal cavity. Davis® found that the 
typical Streptococcus viridans rarely produced arthritis in rabbits when 
injected intravenously. On the other hand, he and Rosenow^® both 
found that experimental endocarditis could be produced in nearly every 
instance by inoculation with organisms of the viridans type. The 
organisms which Rosenow isolated from the joints in acute rheumatism 
he divided into three groups : 

1. Diplococci which produce green on blood-agar. 

2. Diplococci which produce slight hemolysis on blood-agar. 

3. Diplococci which have no effect on blood-agar. 

All these groups produce arthritis, endocarditis and pericarditis 
when injected into rabbits. The second group may also cause a 
myositis. 

7. Rosenow, E. C. : Jour. Infect. Dis., 1910, vii, 411. 

S. Rosenow, E. C. ; Jour. Infect. Dis., 1914, xiv, 1. 

9. Davis, D. J. : Jour. Infect. Dis., 1913, xii, 3S6. 

10. Rosenow, E. C. : Jour. Infect. Dis., 1914, xiv, 61. 
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Immune Bodies. — Rosenow’’ has shown that the Streptococcus 
viridans produces specific agglutinins in chronic infectious endocarditis. 
The same investigator has studied the opsonins in chronic endocarditis 
of Streptococcus viridans origin. He has found that the opsonic index 
varies considerably at different periods of the disease and that embo- 
lism and other intercurrent processes in endocarditis are associated 
with a definite lowering of the destructive power of the patient’s 
blood. Hastings^^ has recently employed complement-fixation tests 
for the diagnosis of Streptococcus viridans infections, particularly 
those of the joints. Rosenow and Davis have both succeeded in sensi- 
tizing guinea-pigs to Streptococcus viridans. Davis also found that 
animals sensitized to Streptococcus haemolyticus were not shocked by 
Streptococcus viridans. 

Incidence of Streptococcus Viridans. — Streptococcus viridans has 
come to be associated in the minds of many almost exclusively with 
chronic infectious endocarditis. While it is the most frequent exciting 
agent in this disease, it should more properly be thought of as an 
inhabitant of the mouth and upper respiratory tract. It can be isolated 
from practically every normal mouth and throat. The importance of 
the streptococcus in infections of the upper respiratory tract has long 
been recognized, but comparatively little has been done to distinguish 
the various types from one another. Streptococcus haemolyticus, 
Streptococcus viridans, Streptococcus mucosus and the pneumococcus 
may all be found in healthy mouths, the viridans being usually the 
most abundant. In spite of this fact, however, most investigators of 
the bacteriology of the infections of the upper respiratory tract have 
been content to throw all streptococcus infections into one group, so 
that comparatively little is known of the relative importance of the 
different types in these infections. Schottmueller in his original article 
found Streptococcus viridans in tonsillitis, conjunctivitis, acute and 
chronic rhinitis, otitis media, empyema, pericarditis, lung abscess, endo- 
carditis, acute enteritis and other abdominal inflammatory conditions; 
and recent studies of Camac,^~ Billings^® and others on the relation of 
oral sepsis to chronic arthritis and the demonstration by Rosenow of 
Streptococcus viridans in the joints of rheumatic fever indicate what 
an important role this organism and its variants play in infections of 
the mucous and serous surfaces. 

In the eighty-nine cases of infection of the upper respiratory tract 
which constitute the present bacteriological study, fifty, or d6.2 per 

11. Hastings, T. W. : Jour. Exper. Med., 1914, xx, 52, 72. 

12. Camac: Am. Jour. Med. Sc., 1914, cxlvii, 186. . . „ i • 

13. Billings, Frank: Chronic Focal Infections and Their Etiologic Relations 
to Arthritis and Nephritis, The Archives, Int. IIed., 1912, ix, 484. 
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cent., have shown a predominance of Streptococcus viridans on blood- 
agar plates. It seems rational in an investigation of this nature, in 
which, even with scrupulous technic, colonies of several species are 
often found on the plate, to attribute chief importance to the organism 
or organisms which are most largely represented. This is particularly 
true when the bacteria in question are hard to cultivate. For example, 
it would be much more significant if a plate showed 90 per cent, of its 
colonies to be Bacillus influenaae or Streptococcus viridans, than it 
would be if the plate were overgrown with Bacillus proteus or Staph- 
ylococcus olbus. In the latter instance one would hesitate about mak- 
ing a positive bacteriological diagnosis, whereas in the former case, he 
could feel fairly sure that the specific organism had been discovered. 

In the present study I have given especial attention to the number 
of colonies of each species present. My results therefore can hardly 
be compared with those of previous investigators who have usually 
set down merely the names of the organisms present without any 
reference to which were predominant. 

By referring to the table of cases it will be seen that the Strepto- 
coccus viridans has been predominant in more than one-half of the 
cases studied. It has also been present, but not predominant, in a 
good many others. Next to the Streptococcus viridans in frequency 
comes the closely related pneumococcus which^ including Streptococcus 
mucosiis, was predominant in eighteen cases, or 20.2 per cent, of the 
series. The third in order of frequency was the Streptococcus haemo- 
lyticus, which was predominant in six cases (6.7 per cent.). These 
three organisms, therefore, were apparently the most active factor in 
about 83 per cent, of the cases studied. The remaining 17 per cent, 
was divided between Bacillus influenzae, Micrococcus catarrhalis, 
Friedlander’s bacillus, Bacillus septus, Staphylococcus aureus, 'Micro- 
coccus paratetrageniis, and Staphylococcus albus and citreus. Bacillus 
coli and Bacillus proteus were never predominant. Some form of - 
staphylococcus was encountered in almost every case, but only in a 
few instances was it predominant. The staphylococci appear to play 
a very insignificant role in infections of the upper respiratory tract. 

STREPTOCOCCUS VIRIDANS IN INFECTIONS OF THE TONSILS 

The streptococcus is by far the commonest micro-organism found 
in infected tonsils, both acute and chronic. This fact is so widely 
known that no reference to the literature is necessary. The distinc- 
tion, however, between the viridans and other types of streptococci has 
not been usually made. Schottmueller,*^ Ruediger^^ and others have 
observed that the Streptococcus haemolyticiis is usually found on the 


14. Ruediger: Jour. Infect. Dis., 1906. iii, 755. 
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tonsils in scarlet fever. Streit/= in a recent study, found the Strepto- 
coccus haemolyticus in forty-nine out of fifty-six cases of tonsillitis 
and peritonsillar abscess. Davis^® has recently studied the bacteriology 
of tonsillitis, particularly in relation to chronic rheumatic and renal 
disease. He examined extirpated tonsils from a large series of cases, 
mostly of arthritis, heart disease and chronic nephritis, and found that 
the Streptococcus haemolyticus was present in a large percentage of 
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them. In a few cases Streptococcus viridans was the predominant 
organism. His cultures were taken from deep in the tonsillar crypts. 
My own studies of the tonsillar flora have been confined to cultures 
taken from that organ in situ. Cultures were obtained as follows . 
The tonsil was wiped off with a sterile swab, and a sterile platinum 

15. Streit: Arch. f. Laryngol. u. Rhinol, 1913, xxvii, 393. . i 

16. Davis, D. J.: Bacteriological and Experimental Observations of Focal 
Infections, The Archives Int. Med., 1912, ix, 505. 
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wire inserted as deep as possible into one of the crypts. The material 
removed was then spread over the surface of several blood-agar 
plates with a sterile glass rod. By this method colonies on the second 
or third plate were always sufficiently well separated for study. Smears 
were also made and stained in the usual way. The plates were 
examined after incubation at 37.5 C. (99.5 F.) for twenty-four hours 
and again after forty-eight hours, the predominating colony or colonies 
determined and the various types subcultured for further study. 

I have examined the tonsils of twenty-three patients with more or 
less evidence of tonsillar disease. In sixteen of these Streptococcus 
viridans has been present in large numbers, sometimes in pure culture. 
In the remaining seven cases the pneumococcus or Streptococcus 
haemolyticus predominated, except in one instance in which Staphylo- 
coccus albus was found in almost pure culture. 

Acute Tonsillitis. 

The cases of tonsillitis, both acute and chronic, in which Strepto- 
coccus viridans has been the predominant organism, have been of a 
mild, or only moderately severe type. The Streptococcus haemolyticus 
is usually found with the tonsillitis of scarlet fever and peritonsillar 
abscess. I have seen several quite severe cases of tonsillitis from 
which pure cultures of the pneumococcus were obtained. Most cases 
of mild tonsillitis are probably due to Streptococcus viridans, but the 
clinical picture is certainly not characteristic enough to allow of a 
bacteriological diagnosis without a bacteriological examination. 

It should be added that the smears made in these cases corresponded 
with the cultures, showing pus cells and diplococci in short chains. 

In the one case of this group in which autogenous Streptococcus 
viridans vaccine was used the response was immediate. ’ A tenacious 
membrane which had resisted local treatment for ten days disappeared 
within twenty-four hours after vaccination, and the patient made a 
rapid recovery. 

Acute Tonsillitis Associated with Rheumatic Fever 

In spite of the well-known association of tonsillitis with rheumatic 
fever, I know of no careful or extensive study of the bacteriology of 
the tonsil in this connection. My own series consists of only five 
cases. Cultures from the crypts of the tonsils in all of these showed 
Streptococcus viridans as the predominant organism. In one case it 
was present in pure growth. 

Unfortunately, no cultures were made from the joints in any of 
these cases. Rosenow has recently cultivated from the joints in rheu- 
matic fever streptococci which produce green on blood-agar and “after 
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prolonged cultivation come to resemble Streptococcus viridans in 
morphology, in cultural and pathogenic qualities.” Rosenow’s organ- 
ism is probably identical with Poynton and Pane’s^^ Streptococcus 
rheumaticus. In view of the widely accepted theory that the tonsil is 
the portal of entry for the organism of rheumatic fever, it is interest- 
ing to find that the Streptococcus viridans is' so constantly present in 
the tonsils of these patients. Vaccines were not used in any of the 
cases. As they all responded well to salicylates, vaccine therapy was 
hardly indicated. ' 

Streptococcus Viridans in Chronic Tonsillitis 

The two cases of this character present nothing of particular 
interest except in indicating that Streptococcus viridans is a common 
finding in chronic hypertrophic tonsillitis. 

Chronic Tonsillitis Associated with Infectious Endocarditis 

The tonsils in these two very typical cases of subacute infectious 
endocarditis showed no external signs of disease, but cultures from 
the crypts gave practically pure growths of Streptococcus viridans and 
both patients gave histories of recent ‘‘colds,” which may have been 
localized Streptococcus viridans infections of the nasopharynx and 
tonsils. 

The strains of Streptococcus viridans obtained from the tonsils in 
these two cases reacted on culture mediums in the same way as those 
recovered from the blood. Morphologically, however, the cocci from 
the tonsils were somewhat larger than those from the blood. 

Autogenous vaccines, both the killed and the sensitized living, were 
administered in both these cases. At times the vaccine seemed to 
reduce the temperature, but the effect was only temporary. 

Chronic Tonsillitis Associated zvith Chronic Arthritis 

There were three cases of this character in which Streptococcus 
viridans predornjnated in cultures from the tonsil. In these three cases 
the existence of tonsillar disease was quite evident. In every instance 
smears from the tonsillar crypts showed pus cells in addition to Gram- 
positive diplococci. In the first case, the tonsils were removed and 
autogenous vaccine administered, and the patient’s joints began to 
improve immediately. In the other two the tonsils were not removed 
and the condition of the patients remained unchanged, though one of 
them received large doses of autogenous vaccine. The first case was 
much less advanced than the other two, and hence was more amenable 
to treatment. This patient eventually made a complete recovery. 

17. Poynton and Pane : Lancet, London, 1900, ii, 861 ; ibid., 1910, i, 152, 1328. 
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Two of the cases in this series illustrate a condition which I have 
observed several times, namely, the combination of both pyorrhea and 
tonsillitis with arthritis. 

STREPTOCOCCUS VIRIDANS IN INFECTION OF THE ALVEOLAR SOCKETS 

(pyorrhea alveolaris; alveolar abscess) 

The only extensive study of the bacteriology of pyorrhea is that of 
Goadby,^® who in ninety cases, found the streptococcus in fifty-five 
and the staphylococcus in sixty-three of them. His cultures were 
taken on slant agar. No one organism has ever been held responsible 
for pyorrhea, but Ankovy^^ thought that the disease was probably of 
streptococcic origin. In the more recent studies of oral sepsis and its 
relation to systemic disease, some form of streptococcus has usually 
been found present, often in association with Bacillus fusiformis and 
spirochetes. My own series comprises 15 cases. 

Technic of Taking Cultures 

Before taking the cultures the teeth were subjected to a thorough 
cleansing by a dentist. If this was not possible, a nurse scrubbed the 
teeth and gums well with potassium chlorate. When the culture was 
to be taken the gum was rubbed off with alcohol, dried with a sterile 
gauze sponge and a drop of pus squeezed out. A loopful was then 
transferred to blood-agar plates, and another loopful smeared on glass 
slides. 

From all of the fifteen cases studied an abundant growth of 
Streptococcus viridans was obtained, in some cases practically pure. 

Pyorrhea is exceedingly common among the lower classes and is 
frequent enough in all classes. Filthy teeth, the gouty diathesis, 
improper bridge-work, etc., are important predisposing causes. The 
■ infection is usually secondary, developing after the gum and root 
membrane have been subjected to chemical or mechanical injury. 
Autogenous vaccines have been beneficial in some cases. In one case 
of the present series an autogenous Streptococcus viridans vaccine 
eliminated that organism from the discharge and produced consider- 
able diminution in its amount. Smears, however, showed the per- 
sistance of large numbers of spirochetes. Anaerobic cultures were 
now taken on Noguchi’s ascitic agar medium and a pure growth of 
Treponema microdentium was obtained. A vaccine was prepared 
from this organism, and two inoculations were given. The patient 
then went abroad and the treatment was never resumed. Pyorrhea in 
most cases remains a purely local infection, but there is considerable 


18. Goadby: Lancet, London, 1907, i, 632. 

19. Ankovy: Quoted by Goadby, reference not given. 
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evidence to show that in some instances it is responsible for certain 
systemic disorders. 

Streptococcus Viridans in Infection of the Alveolar Sockets Asso- 
ciated with Acute Arthritis. — There was only one case of this type, an 
acute polyarthritis of the rheumatic fever type, associated with 
marked pyorrhea. In the absence of any other local lesion in this case 
one is led to suspect that the infected tooth sockets were the foci from 
which the joints were infected. It is unfortunate that in this case no 
cultures were taken from the joints. Cultures taken according to 
Rosenow’s technic might have given positive results. 

Streptococcus Viridans in Infection of the Alveolar Sockets Asso- 
ciated zvith Chronic Arthritis. — There were four c&ses of this char- 
acter in which Streptococcus viridans was the predominant organism 
in the cultures from the tonsillar 'crypts. These cases are of a type 
that is being recognized more and more frequently. Just how respon- 
sible pyorrhea is for the joint changes in chronic arthritis it is at pres- 
ent impossible to say. Rosenow“° has recently been able to cultivate a 
streptococcus closely resembling the viridans from lymph-glands adja- 
cent to such joints, a fact which would suggest a rather close connec- 
tion. Certainly many of these cases improve when the condition in 
the mouth is corrected. This is particularly true in the earlier cases, 
in which bony changes have not yet occurred. In two out of the four 
cases just reported there was improvement after the pyorrhea had 
received attention and autogenous vaccines had been given. One case 
has not been heard from. This case, by the way, afforded another 
instance of the association of tonsillitis with pyorrhea. 

Streptococcus Viridans in Infection of the Alveolar Sockets Asso- 
ciated zvith Chronic Nephritis. — The occasional association of nephritis 
with tonsillitis has long been recognized, but little attention has been 
paid to pyorrhea as an etiological factor in disease of the kidney. I 
have studied the bacteriology in two cases of pyorrhea associated with 
chronic nephritis. In both of them Streptococcus viridans was the 
predominant organism. One of the cases was particularly interesting 
in that the patient had a high temperature and showed many petechiae 
on the body. Under the usual treatment, which was augmented with 
dental hygiene and an autogenous vaccine, the temperature returned 
to normal and the patient made considerable improvement. 

Streptococcus Viridans in Infection of the Alveolar Socket Asso- 
ciated zvith Chronic Infectiotis Endocarditis. — This was a typical case 
of infectious endocarditis and needs no comment further than to say 

20. Rosenow, E. C. : Etiology of Arthritis Deformans, Jour. Am. Med. Assn., 
1914, Ixii, 1146. 
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that if the alveolar abscess had been discovered in time, the patient 
would probably never have developed endocarditis. The streptococcus 
obtained from the abscess was practically identical with that found in 
the blood, the only difference being that the former was a little larger 
in size. 

STREPTOCOCCUS VIRIDANS IN INFECTION OF THE PHARYNX AND TFIE 

NASAL CAVITIES 

The bacteriology of coryza has been extensively studied, but in 
spite of this there still remains considerable disagreement and doubt 
on the subject. Cultures from coryzas in the acute stage are often 
sterile, while in cultures taken in the subacute or chronic stage, there 
are often several types present, so that it is difficult to decide which 
organism is the causative factor. 

Various bacteria have been considered as more or less specific for 
colds. Cautley-^ in 1894 described a small bacillus, since known as 
Bacillus septus, which he considered the exciting agent in the majority 
of colds. White-- and Walter-® have also attributed considerable 
importance to Bacillus septus in the etiology of colds. Recently, 
Tunnicliff®'^ has described a small spirochete which she has been able 
to isolate from acute and chronic coryzas. Allen®® makes the state- 
ment that the streptococcus is the most frequent cause of “purulent 
nasal catarrh,” referring doubtless to subacute and chronic coryzas. 
Numerous writers have shown that the normal nasal cavity is sterile 
or practically so. Hasslauer®® studied seventy-eight cases of nasal 
catarrh and found that in acute cases streptococcus, pneumococcus and 
the pseudodiphtheria bacillus were most numerous and most frequently 
found. Schottmueller,® in his original study of Streptococcus viridans, 
frequently found this organism almost pure in acute and chronic 
rhinitis. 

The Streptococcus viridans ^ like the pneumococcus, is an inhabitant 
of the normal mouth. It is usually easy to isolate it on plates from 
any healthy pharynx. 

Acute Coryaa ivith Pharyngitis 

I have studied only a limited number of coryzas, eight in all. In 
taking cultures from the nose, the vestibules were first cleaned out 
with soap and water, and then a plug of absorbent cotton soaked with 

21. Cautley: Ann. Rep. Local Govt. Bd. Med. Suppl., 1894-1895, xxiv, 455. 

22. White: Catarrhal Fevers, London, 1906, p, 54. 

23. Walter; A Study of the Bacterial Flora of the Nasal !Mucosa in the Pres- 
ence of Rhinitis, Jour. Am. Med. Assn., 1910, Iv, 1091. 

24. Tunnicliff: Jour. Infect. Dis., 1913, xiii, 283. 

25. Allen; Brit. Med. Jour., 1906, ii, 721; Lancet, London, 1908, ii, 1589, 1659. 

26. Hasslauer: Centralbl. f. Bakteriol., 1902, xxxiii, 47. 
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95 per cent, alcohol was inserted in each nostril and allowed to remain 
there several minutes. When the plugs had been removed a sterile 
nasal speculum was inserted and several loops of secretion from the 
middle meatus were carefully removed with a platinum wire and 
smeared over the plates. In some cases the patient was asked to blow 
on a piece of sterile gauze. Some of the secretion was then washed 
with sterile saline and plated in the usual manner. 

Cultures from the pharynx were taken with a sterile swab, after the 
throat had been well gargled with sterile salt solution. 

Of the eight cases so studied, five gave evidence of being of 
Streptococcus viridans origin. 

Streptococcus viridans coryzas frequently start in the throat and 
extend upward or downward, or both. They show a distinct tendency 
to recur. This was very noticeable in two of, the cases. In view of 
the close relation of Streptococcus viridans to the pneumococcus, it is 
noteworthy that in two cases the patients had previously suffered from 
pneumococcus infections. In one case autogenous Streptococcus 
viridans vaccine was given a thorough trial and proved most effective 
in protecting the patient against subsequent infection. The inoculations 
were started in January and were repeated once a week through the 
remainder of the winter and early spring. 

STREPTOCOCCUS VIRIDANS IN INFECTION OF THE ACCESSORY 

SINUSES 

It has been shown by Toerne^’' that healthy sinuses are practically 
always free from bacteria. Herzfeld and Hermann^® studied the bac- 
teria in ten cases of antral empyema and found non-virulent strepto- 
cocci (probably viridans) in eight of them. In six cases the strepto- 
coccus either was present in pure culture or was noted as the pre- 
dominant species. Howard and Ingersoll,^® in eighteen cases of sinus 
infection, obtained the streptococcus in half of them (four times in 
pure culture) and the pneumococcus in four. Lichtwitz,®° in a study 
of sinus infections, concludes that the streptococcus and staphylococcus 
are responsible for- most sinus infections. Stanculeanu and Baup®^ 
divide facial empyema into two groups : first, the fetid type, in which 
infection takes place through the teeth; anaerobes are usually most 
active in these ; and second, non-fetid types, infection through the ^^se, 
usually due to streptococcus or pneumococcus. Lewis and Turner s^" 

' 27. Toerne: Centralbl. f. Bakteriol., 1903, xxxiii, 250. _ __ 

28. Herzfeld and Hermann: Arch. f. Laryng. u. Rhinol., 1^95, ni, 143. 

29. Howard and IngersoII: Am. Jour. Med. Sc., 1898, cxv, 520. 

30. Lichtwitz : Prag. med. Wchnschr., 1894, 31. 

31. Stanculeanu and Baup: Arch, de Sc. med., 1900, y, 121. 

32. Lewis and Turner: Edinburgh Med. Jour., 1905, ii, 393. 



RUSSELL L. CECIL 


163 


study of the bacteriology of sinus infection covers seventy-four cases. 
In the acute cases, streptococci were present in 60 per cent. ; in the 
chronic cases in 80 per cent. The pneumococcus was found in almost 
as large a percentage, Allen's^^ results in thirty cases of sinusitis differ 
from previous studies in showing a high incidence of Bacillus influenzae 
(73 per cent.). The streptococcus or pneumococcus or both, were 
present, however, in 80 per cent, of the cases also. 

I have studied the flora in eight cases of sinus infection. The cul- 
tures were obtained under strict bacteriological technic. In all but one 
of the cases I was assisted by a laryngologist who aspirated the pus 
from the sinus with sterile instruments. 

In three cases I found the Streptococcus viridans predominant. 
One was an antrum infection, another frontal, and in the third, both 
were involved. In the last, the patient suffered from severe attacks of 
bronchial asthma. 

It is often difficult to cultivate the Streptococcus viridans from the 
sinuses, even when the organisms can be seen in smears. This was my 
experience in two cases, in which repeated cultures were sterile. This 
is particularly liable to occur if the pus has been allowed to remain for 
several days in the sinus. Freshly secreted pus is much more likely to 
give a growth than old pus in which presumably the bacteria have been 
destroyed by bactericidal substances. 

Chronic sinus infections of whatever origin do not yield readily to 
vaccine treatment or to any other form of treatment. One of my 
patients was considerably relieved from frontal headache by large 
' doses of autogenous Streptococcus viridans vaccine. The discharge 
was diminished, but did not entirely disappear. 

In one case of sinusitis associated with asthma there was consider- 
able sensitiveness to Streptococcus viridans vaccine. An injection of 
100 million produced within five hours a very marked general reaction 
which lasted twenty-four hours. There were general malaise, fever 
and increased secretion from the sinuses. Fortunately, this sensitive- 
ness has now disappeared, so that he is able to take doses of 2 billion 
or more without trouble. The asthma has improved, but the sinuses 
remain about the same. 

STREPTOCOCCUS VIRIDANS IN INFECTION OF TEAR SAC ( CHRONIC 

dacryocystitis) 

I have studied the bacteriology of only one case of dacryocystitis, 
and this proved to be a pure infection of Streptococcus viridans. 
Removal of the sac resulted in complete cure. 


33. Allen: Bacterial Diseases of Respiration, Philadelphia, 1913, p. 53. 
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STREPTOCOCCUS VIRIDANS IN INFECTION OF THE MIDDLE EAR 

Streptococcus viridans infections of the middle ear are unusual. 
Streptococcus haeniolyticus or mucosuSj or the pneumococcus are more 
frequently found in the acute cases, and Staphylococcus aureus or 
albus in the chronic. Out of seven cases studied, I have encountered 
only one of Streptococcus viridans otitis. This was in a boy 5 years 
old. The infection ran a short, mild course, and the mastoid was not 
involved. 

STREPTOCOCCUS VIRIDANS IN INFECTION OF THE TRACHEA AND 

BRONCHI 

The bacteriology of bronchitis has been studied thoroughly by 
many observers, but most of these studies were made before blood- 
agar mediums came into general use. I have not investigated the 
literature earlier than 1900, but since that time there have been a 
number of careful studies of the subject. Marfan^^ found that the 
streptococcus and pneumococcus were the organisms most frequently 
found in bronchitis. Forscheimer^” noted that the streptococcus always 
replaced the influenza bacillus in influenza bronchitis. Babes and 
Beldiman,^® and BarteP’^ have emphasized the importance of strepto- 
coccus and pneumococcus in bronchitis. Poliak^® in 1908 studied 73 
cases of purulent bronchitis at necropsy and found the pneumococcus 
41 times; the streptococcus 27 times, and the Staphylococcus aureus 
31 times. Other bacteria were much less frequent. 

Ritchie^® examined the bacteria in 49 cases of bronchitis with the 
following results : Streptococcus was present in 34 cases (70 per cent.), 
pneumococcus in 46.9 per cent. He concludes that “these two are 
certainly the most important causal bacteria in bronchitis.^' Hastings 
and Niles^° have recently studied the bacteriology of bronchitis and 
pneumonia and have found streptococcus, pneumococcus and Micro- 
coccus catarrhalis the most frequent invaders. Holt’s^^ results in 354 
cultures from bronchitis in children are interesting. The pneumococcus 

34. Marfan: Traite de medecine, 1901, vi, 281. 

35. Forscheimer: Med. News, 1901, Ixxviii, 851. 

36. Babes and Beldiman : Ann. de I’lnst. de path, et de bact. de Bucarest, 
1894, 145. 

37. Bartel: Centralbl. f. Bakteriol., 1898, xxiv, Part 1, p. 401. 

38. Poliak: Wien. klin. Wchnschr., 1908, xxi, 973. 

39. Ritchie: Jour. Path, and Bacteriol., 1901, vii, 1. 

40. Hastings and Niles: Jour. Exper. Med., 1911, xiii, 638. . 

41. Holt, L. E.: The Bacteriology of Acute Infections of the Respiratory 
Tract in Children, with Especial reference to Influenza, The Archives Int. 
Med., 1910, v, 449; The Bacteriology of Acute Respiratory Infections in Chil- 
dren as Determined by Cultures from the Bronchial Secretion, Jour. Am. Med. 
Assn., 1910, Iv, 1241. 
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was present in 231 cases, the streptococcus in 109, and the Staphylo- 
coccus aureus in 266. In none of these studies has the distinction 
between the Streptococcus viridans and Streptococcus haemolyticus 
been brought out. 

During the past two years I have studied the sputum from fourteen 
cases of bronchitis (acute and chronic). In eight of these the Strepto- 
coccus viridans was predominant or present in pure culture. Kitasato’s 
method was used in making the examinations. Freshly expectorated 
sputum was washed several times with salt solution, then a small por- 
tion was removed from the center of one of the masses and smeared 
over blood-agar plates. 

Acute Bronchitis. — Acute bronchitis of Streptococcus viridans 
origin is usually mild, as all other infections with this organism tend to 
be. Three out of the four cases studied were subject to repeated acute 
attacks, again illustrating the failure of the body to develop a per- 
manent immunity against this organism. Only one of these patients 
was vaccinated against Streptococcus viridans. Case 4 received autog- 
enous vaccine every five to seven days through the late winter and 
spring, and has had no more infections of any kind since the vaccine 
treatment has been instituted. 

Chronic Bronchitis. — Four of the six chronic bronchitis cases 
showed a predominance of Streptococcus viridans in the sputum. When 
I compared these four cases I was surprised to find that they all had 
with their cough more or less well-defined asthma. This is probably a 
coincidence, but agrees with the work of Allen, who found streptococci 
in the sputum of practically all asthmatics. In the first two cases the 
asthmatic symptoms were quite typical. The second case had in addi- 
tion a quiescent tuberculous process. According to Allen, there are 
some cases of asthma in which vaccine is of benefit. It was employed 
in only one of this series. Autogenous vaccine was given through the 
entire winter and by this means the cough was kept well in control. 
When the vaccine was omitted for any length of time, however, the 
symptoms recurred. 

CLINICAL COURSE 

If one studies the general clinical course of Streptococcus viridans 
infection of the upper respiratory tract, they are seen to have three 
very definite characteristics : 

1. They usually run a mild course. The Streptococcus viridans is 
essentially a germ of low virulence for animals and man alike. In 
the present series of cases the severe infections have nearly always 
been caused by the pneumococcus or the Streptococcus haemolyticus. 
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2. They have a tendency to become chronic. This applies particu- 
larly to pyorrhea, tonsillitis and sinusitis. Streptococcus mridans 
bronchitis and rhinitis often run a chronic course also. 

3. They are followed by little or no immunity and are therefore 
quite prone to recur at frequent intervals. This trait, well illustrated 
in the coryza and bronchitis series, follows from the low virulence 
which the organism possesses. , Its metabolism disturbs the body so 
little that only a small amount of protective substance is developed 
against it. 

The present study gives some weight to the idea that Streptococcus 
viridans infections play an important part in the etiology of certain 
systemic diseases, especially arthritis, endocarditis and nephritis. 
Streptococcus viridans can usually be isolated from the crypts of the 
tonsil in acute rheumatism. Rosenow has cultivated streptococci from 
the joints in acute rheumatism, and has found that except for slight 
variations they differ in no way from Streptococcus viridans. Davis 
found Streptococcus haeniolyticus more commonly in the tonsils of 
chronic arthritis and nephritis, but, in my own experience, the viridans 
is just as frequently found in these diseases. 

It is noteworthy that of all the Streptococcus viridans infections of 
the upper respiratory tract, it is almost exclusively those of the tonsils 
and tooth sockets (occasionally of the sinuses) that are associated with 
systemic disease. Rosenow’s studies on the transmutation of strepto- 
cocci and pneumococci are interesting in this connection. To .quote 
Rosenow : 

The fact that variations in oxygen tensions and salt concentration, that 
growth in symbiosis with other bacteria and that injections into cavities in 
animals commonly call forth mutational forms in streptococci suggests strongly 
that similar thanges might occur in various foci of infection where such con- 
ditions may prevail. It would seem therefore that focal infections are no longer 
to be looked upon merely as a place of entrance of bacteria but as a place where 
conditions are favorable for them to acquire the properties which give them a 
wide range of affinities for various structures. 

The places in the human body where such conditions prevail are 
apparently the tonsils, sinuses and tooth sockets. By this reasoning 
can be explained the slight differences which have been noted between 
the strain of streptococcus isolated from the mouth and that obtained 
from the heart valve or joint. 

VALUE OF VACCINES 

There remains to be considered the value of vaccines in the treat- 
ment and prevention of Streptococcus viridans infections. As a result 
of the present study I feel no hesitancy in saying that autogenous 
vaccine may be of great value in selected cases of subacute and chronic 
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infection by this organism. Naturally, in those cases in which the 
infection is accompanied by extensive structural changes, as, for 
example, bronchitis with emphysema or bronchiectasis, old sinus infec- 
tions with thickened walls, advanced pyorrhea with retraction of the 
gums, and tonsillitis with hypertrophy, the benefit which a vaccine can 
bestow is limited. 

It is in the prevention of recurrences of these infections that vac- 
cine is most valuable. In several cases of my series, patients who had 
been subject to frequent reinfections were successfully carried by 
means of vaccination through the winter and spring without any 

further recurrence of these troubles. 

♦ 

Prophylactic vaccination against infections of the upper respiratory 
tract is a matter which deserves more study. It is rather strange that 
prophylactic vaccination of dogs against distemper should be so gen- 
erally in use, while so little effort is being made to protect human 
beings against coughs and colds. From my own experience, I should 
favor the view that most persons who suffer from frequent colds are 
susceptible to one particular organism with which they are constantly 
being reinfected. Moreover, the more carefully one studies these cases, 
the less weight he attaches to the idea of their being usually mixed 
infections. It is probably one organism that causes the infection in 
most cases. The others, being present on the infected surface, multiply 
in the rich secretions which are poured out, and simply serve to con- 
fuse the bacteriological picture. If this is the case there is all the more 
reason why every effort should be made to discover the offending 
organism, and if necessary to protect the patient against further 
infection. 

SUMMARY 

1. In a bacteriological study of eighty-nine infections of the upper 
respiratory tract, the Streptococcus viridans has been the predominant 
organism in fifty cases, or 56.2 per cent. If the cases in which the 
pneumococcus or Streptococcus haemolyticus were predominant be 
added to this group, it can be said that in 85 per cent, of the cases 
studied, one or the other of these closely allied species was apparently 
concerned in the infection. 

2. Streptococcus viridans infections of the upper respiratory tract 
are characterized by their mild course and a tendency to chronicity and 
frequent recurrences, owing in great measure to the short duration of 
the acquired immunity. 

3. Streptococcus viridans infections of the upper respiratory tract, 
especially those of the tonsils, sinuses and alveolar sockets, are fre- 
quently associated with endocarditis and arthritis. In these cases there 
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is much evidence in favor of the theory that the infections of the 
serous membranes are secondary to the 'infections of the upper air 
, passages. 

4. Autogenous Streptococcus viridans vaccines are of considerable 
value in cases in which structural changes are not too advanced. Their 
administration may also be useful in the prevention of recurrences. 

123 East Sixty-second Street. 



A CASE OF INDEPENDENT VENTRICULAR ACTIVITY 
OCCURRING DURING ACUTE ARTICULAR 
RHEUMATISM * 


SELIAN NEUHOF, M.D. 

NEW YORK 

History. — S. P., male, aged 20, entered the Har Moriah Hospital, Feb. 4, 
1913. He had measles when 3 years old and typhoid when 10; otherwise there 
was no history of any previous illness. He was not addicted to tea, coffee, 
tobacco or alcohol. Five days before admission he developed a typical attack 
of acute articular rheumatism involving the ankles, wrists, knees and elbows. 
The attack was accompanied by fever; there were no chills or gastric dis- 
turbances. 

On admission, except for swelling and redness of the inflamed joints, the 
physical and neurological examination revealed nothing abnormal. There was 
no urethral discharge. The complement-fixation test for gonococci was nega- 
tive. The cardiac outline was normal to percussion, the apex beat was in the 
fifth interspace, 8.5 cm. from the midsternal line ; the heart sounds were nor- 
mal; the pulse was rhythmical. The systolic and diastolic blood-pressures were 
within normal limits. The temperature ranged between 101 and 103. There 
was no dyspnea. The patient did not appear very ill; sodium salicylate in 
moderate doses was given for two days. 

Two days after admission a transient pulse irregularity appeared. Six days 
thereafter, it recurred once in about fifteen beats and clinically resembled extra- 
systoles ; no tracings were made at that time. February 12, the irregularity 
occurred every third or fourth beat. From that day frequent polygraphic and 
later electrocardiographic tracings were taken. February 14, for the first time 
a rough blowing systolic murmur was heard at the apex. Occasionally there 
were runs of from three to twelve stronger thumping beats accompanied by the 
murmur; studies of the tracings showed that these beats were due to simul- 
taneous action of auricle and ventricle. Four days later the arhythmia was very 
infrequent, the systolic murmur had almost entirely disappeared. The patient 
left the hospital feeling well. 

Polygrapliic and Electrocardiographic Tracings . — In Figure 1, a, h, c are con- 
tinuous parts of polygraphic tracings taken February 12. In Figure 1 a, with 
the exception of three rhythmic beats (5, 6, 7 in the venous curve of 
Figure 1 o) independent ventricular action is present, as is evidenced by the 
carotid wave, c, falling with or preceding the auricular wave, a; one ventricular 
extrasyslole (r') is also present. Figure 1 h shows a similar arhythmia with 
varying c-a intervals and occasional simultaneous action of auricle and ven- 
tricle. The rhythm again becomes normal in the last section of the tracing 
CFig. 1 c at u). The average pulse-rate throughout is sixty per minute, though 
the beats which inaugurate the normal rhythm (Figure 1 c, X' and X") are 
somewhat more rapid. The entire tracing is typical of those taken on the days 
when the arhythmia was marked (for instance, Fig. 2, a and h'). One week later 
the pulse was rhythmical except for an occasional independent ventricular con- 
traction (Fig. 3 at /), the rate about 57 per minute. February 26, the rhythm was 
normal, the rate 70. Subsequent!}^, pressure on the vagi was practiced to study 
its effect on the rhythm. Left vagus pressure showed a transient increase of 
pulse rapidity (Fig. 4). During right vagus pressure (Fig. 5) there was slight 
temporary slowing of the pulse-rate. Neither right nor leh vagus pressure 
had any effect on the normal auriculoventricular sequence. After sufficient time 
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Fig- 1— Continuous polygraphic tracing taken February 12. In Figure 1 a, 
except beats S, 6 and 7 (venous tracing), independent ventricular beats are 
present ; the carotid wave, c, precedes or falls with the auricular wave, a. R = 
radial pulse; r' = ventricular extrasystole. Average pulse-rate is 60 per min- 
ute. In Figure 1 b, ventricular automatism with varying c-a intervals and occa- 
sional simultaneous action of auricle and ventricle (superposition of a and c) 
are present. Figure 1 c, rhythm becomes normal at n. X*" and X''' and some- 
what more rapid beats which inaugurate the normal rhythm. 




Fig. 2. — Continuous tracing taken February 13. The automatic beats begin 
at X. The rhythm is again normal at n (Fig. 2 &). The numerals on the radial 
beats represent their lengths in fifths of a second. Except for extrasystole (r ) 
the rhythm has been normal, the rate 60 per minute. 



3 , — Section of a long polygraphic tracing taken February 19. It shows 
one independent ventricular contraction at I. 
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had been allowed for the heart to recover from vagus pressure, atropin sul- 
phate, 1/30 grain, was injected subcutaneously and a continuous polygraphic 
tracing lasting one hour was taken, the important sections of which are repro- 
duced (Fig. 6, a and b). They show that ten minutes after the injection ven- 
tricular automatism was occasionally present; the rate throughout was 60 per 
minute. Immediately preceding this arhythmia, the rhythm had been normal 
with an occasional increase of rate to 75 per minute. At the end of the atropin 
experiment the pulse-rate was 100, the beats sequential. 

Many electrocardiograms were taken, two of which are given (Figs. 7 and 8). 
The rhythm is normal in the first lead (Figure 7, a). In the first section of 



Fig. 4. — ^Left vagus pressure. It shows transient increase of the pulse-rate. 
The venous curve is somewhat distorted by the digital pressure on the vein. 






^ — <r~ . — ^ ^ 

Fig. 5. — Right vagus pressure. It shows slight transient slowing of the pulse- 
rate ; later the rate increased. 




Fig. 6 a. — Ten minutes after subcutaneous injection of atropin sulphate, 1/30 
grain. The incidence of c in the jugular tracing is shown by the dotted lines. 
Ventricular automatism is present from to R'. The ventricular rate is 60 
per minute. Fig. 6 b. — Fifteen minutes after atropin injection. It shows several 
automatic beats ; the ventricular rate is 60 per minute. 

the second lead (Figure 7, c), there is a slight difference in the length of the 
diastolic pauses, an arhythmia apparently of sinus origin. There are several 
automatic beats (Fig. 7, c, R% R^, R*) in the second part of the same lead. 
The beats are again sequential in the third lead (Fig. 7, d). Three days later, 
February 25, an electrocardiogram, second lead only (Fig. 8, a and b), was 
taken, ten and fifteen minutes, respectively, after the subcutaneous injection of 
1/30 grain of atropin sulphate. With the exception of slight sinus arhythmia, 
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the beats are rhythmical, the ventricular rate about 60 per minute. Twenty, 
minutes after the injection, independent ventricular activity with approximately 
the same ventricular rate is present (Fig. 8, c). In the later tracings (Fig. 
8, d, e) normal auriculoventricular sequence is reestablished. It is important 
to note that the idioventricular and sequential complexes are identical through- 
out. Subsequent electrocardiographic tracings, the last taken three months after 
the onset of the arhythmia, show that the latter has not recurred. 

COMMENT 

Abnormal cardiac mechanisms similar to this have been ascribed to 
various causes. When auricles and ventricles beat at such rates that 




Fig. 7. — Electrocardiogram taken February 22. P = auricular deflection, 
R, S, T = ventricular complex. Fig. 7, a . — Lead 1 shows normal rhythm. 
Fig. 7, b and c. — Continuous parts of Lead 2. The numbers beneath the com- 
plexes represent the lengths of the beats in fifths of a second. Fig. 7, b shows 
slight sinus arhythmia. Fig. 7, c. — R^ and R'* are automatic ventncu ar 
contractions as shown by the varying P-R intervals. Slight sinus arhyt mia is 
also present. Fig. 7, d (Lead 3). — The rhythm is again normal. 

their waves and deflections in the tracings are regularly superimposed, 
their origin in or near the auriculoventricular node has sometimes been 
assumed; these are called nodal extrasystoles.^ Such simultaneous 


1. Lewis : Quart. Jour. iNIed. 
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Ibid., vi, 210. 



S ELI AN NEUHOF 


173 


action is seen in parts of the tracings (Fig. 1, a and b; Fig. 8, c), but it 
apparently depends on transient identical auricular and ventricular 
speeds, for as the latter vary, varying a-c and c-a, or P-R intervals 
soon occur. Besides, nodal beats are usually either regularly inter- 
polated in the normal rhythm, or when premature, are followed after 
longer or shorter compensatory pauses by the normal dominant beat, 



Fig. 8. — Taken February 25. Lead 2; sections taken after the subcutaneous 
injection of atropin sulphate, 1/30 grain. The time marker measures one- 
fifth second. Figure 8, o and b . — Ten and fifteen minutes, respectively, after 
atropin injection. Slight sinus arhythmia is present; the ventricular rate is about 
60 per minute; the auriculoventricular sequence is normal. Fig. 8, c . — Twenty 
minutes after the injection. It shows ventricular automatism, with decreasing 
P-R intervals and finally simultaneous action of auricle and ventricle (super- 
position of P and R). Fig. 8, d and e. — Twent 3 '-five and thirt 3 '-five minutes, 
respectiveb’’, after atropin. The beats are again sequential. 

assumptions apparently not warranted by the electrocardiograms, all 
of whose complexes are alike. Retrograde conduction from ventricle 
to auricle, a rare reversal of the cardiac mechanism,^ requires consider- 
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ation as a possible explanation. In the clinical case^ described, the 
rhythm when established showed a definite ventriculo-auricular con- 
duction time similar to the normal, and was accompanied by marked 
ventricular slowing. This conception if applied to my case would 
necessarily also assume that the reversed mechanism suddenly and 
irregularly ceased from time to time in such sections of the tracings 
which do not show a retrograde conduction time (c-a or R-P intervals) 
of less than one-fifth second, and that frequently occasional isolated 
beats were retrograde — assumptions which seem highly improbable 
and are not warranted by the tracings. RihP describes a case of occa- 
sional automatic ventricular action produced by vagal pressure. Lewis'' 
reports a case of rheumatic mitral stenosis with decompensation; 
digitalis had been given with consequent ventricular automaticity 
(“ventricular escape,” Lewis). Gallavardin, Dufourt and Petzetakis® 
describe three cases with slow pulses (in one case the rate was 36 per 
minute) in which there was no clinical evidence of organic cardio- 
vascular disease. Numerous polygraphic and electrocardiographic 
tracings show the spontaneous occurrence of ventricular automatism 
in two cases ; in all three it was readily evoked by ocular and vagus 
pressure and by atropin injection. They suggest two main causes for 
the phenomena ; relative retardation of the auricular as compared with 
the idioventricular rate, or acceleration of the latter beyond the former. 
Two of their cases had very slow auricular rates occurring either spon- 
taneously or induced by the methods described ; the third showed no ■ 
auricular retardation on vagus or ocular pressure, or after atropin 
injection. The arhythmia in the first two cases was apparently due to 
relatively increased idioventricular rapidity beyond that of the sinus. 
Except for a very slight change in the complexes of the automatic 
ventricular beats in two of the cases — the absence of a very small 
S wave — all of the complexes are identical. In digitalis poisoning, 
Cohn and Fraser’’ have occasionally found either identical auricular 
and ventricular speeds or ventricles beating more rapidly than auricles 
with ventricular escape. In my case there is at no time any marked 
pulse retardation — the lowest rate is 55 — nor is there any evidence 
of definite auricular slowing, though there is at the periods of ven- 
tricular automatism some difference, always slight, between auricular 
and ventricular rapidity. Except for occasional somewhat slower beats. 

2. Cohn, Kessel and Mason: Heart, 1911-1912, iii, 321. 

3. Williams and James: Heart, 1913-1914, v, 109. 

4. Rihl: Deutsch. Arch. f. klin. Med., 1904, xciv, 286. 

5. Lewis: Quart. Jour. Med., 1908-1909, ii, 356. 101 a • 1 

6. Gallavardin, Dufourt and Petzetakis : Arch. d. mal. du cmur, 1914, j, 1 . 

7. Cohn and Fraser : Internal. Med. Cong., 1913, Section 6, Part _, p. -3b. 
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the idioventricular and normal ventricular rates are approximately the 
same. Slight sinus arhythmia is sometimes present, but is not more 
marked than is frequently found as a physiological phenomenon. 

As possible causes for the production of automatic ventricular 
action, neurogenic, toxic and organic factors require consideration. A 
neurogenic factor in the sense of a so-called neurosis due to extra- 
cardial conditions (for example, gastric disorders) causing abnormal 
peripheral disturbances in the centripetal arm of a reflex arc can be 
here dismissed because of the type of the disease, its course and the 
definite completion of the arhythmia with the end of the rheumatic 
attack. Though the action of toxins is an extremely complicated one 
and to a great extent at present unknown, it seems to depend on their 
complicated chemical composition and on intricate chemical reactions 
taking place in the body. It has been pointed out that digitalis poison- 
ing may produce ventricular escape. By analogy, it seems theoretically 
possible that a rheumatic toxin may also produce a similar arhythmia, 
though there is no clinical proof for the assumption. Regarding an 
organic cause for the arhythmia, it is recalled that the patient devel- 
oped a loud systolic murmur at the apex, one week after the appearance 
of the arhythmia ; the murmur remained for two days, then gradually 
disappeared. It also disappeared when auricle and ventricle contracted 
simultaneously, an apparent corroboration that it was due to mitral 
insufficiency, organic or relative in nature. It is not my intention to 
discuss cardiac murmurs at any’ length, the etiology of many of which 
is not definitely known. Systolic apical murmurs which occur during 
the course of any febrile disease and then disappear without evidence 
of an organic cardiac lesion are by no means infrequent. On the other 
hand, organic murmurs usually increase in intensity and do not dis- 
appear. The occurrence of the murmur in conjunction with acute 
articular rheumatism makes its presence suspicious of some slight, 
possibly transient, valvular or myocardial involvement. Rheumatic 
infections cause myocardial inflammation in the form of submiliary 
myocardial nodules (Aschoff bodies). Healed or healing isolated 
Aschoff bodies have been found on the interventricular septum in 
hearts which were the subjects of rheumatic reinfection;® during their 
inflammatory state, if situated close to or even partly involving the 
bundle of His, before its division, they may conceivably cause sufficient 
local irritation to produce occasional ventricular automatism with beats 
of supraventricular origin, and yet the bundle need not be sufficiently 
compromised to prevent the idioventricular impulse from following its 
normal course in the conduction system — a fact which probably 

8. Thalhimer and Rothschild : Jour. Exper. r^fed., 1914, .xi.x, 417. 
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accounts for identical electrocardiographic complexes of all beats, 
rhythmic and arhythmic. 

Right and left vagus pressure had no effect on auriculoventricular 
sequence. One of the atropin experiments was followed by a number 
of independent ventricular contractions, with no marked difference 
between ventricular and auricular rates. This observation does not 
necessarily exclude the possibility of an organic cause for ventricular 
automatism because an irritative lesion which does not entirely and 
permanently compromise the bundle may upset the normal nerve con- 
trol and mechanism and make it susceptible to atropin poisoning. It 
would thus seem that the automatic ventricular mechanism was not 
sufficiently sensitive to respond to vagus pressure, but that atropin 
poisoning prevented the inhibitory .vagus control and permitted ven- 
tricular escape. 

SUMMARY AND CONCLUSIONS 

A case of independent ventricular activity is described. The lowest 
ventricular rate is 56 per minute, the usual rate is 60 and remains so 
whether ventricular automatism is present or not. The electrocardio- 
graphic complexes of all beats are identical. At one time atropin injec- 
tion is followed by ventricular escape. The occurrence of the automatic 
activity during the course of acute articular rheumatism and its dis- 
appearance later and a study of the physical signs make it possible that 
a small transient myocardial inflammatory focus at or near the auricu- 
loventricular connections is the irritative cause of the abnormal 
mechanism. 

Transient independent ventricular activity may occur with no 
change in the path followed by the idioventricular impulse, with no 
difference of rate between normal and abnormal beats, and with no 
marked retardation of the auricular rate. 

1275 Madison Avenue. 
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Disease akd Its Causes. By W. T. Councilman, Harvard University. New 

York: Henry Holt & Co. 

The preface of this volume states that the author has endeavored to por- 
tray diseases as life under unusual conditions. The chapters on inflammation, 
cell growth, and the origin of tumors state clearly what is known on these sub- 
jects without going into unnecessary theories. The causes of infectious dis- 
eases are considered historically. Many illustrations are given of the discovery 
of pathogenic organisms by means of careful observation, experimentation and 
reasoning. The increase of disease in modern industrial life is emphasized as 
a check on the elimination of disease by the agencies of preventive medicine. 

The book, though written for the general reader, may be read with great 
profit and enjoyment by the physician, for it is a philosophical as well as a 
scientific treatise on the most fascinating branch of medicine. 

Blood-Pressure: Its Clinical Applications. By George William Norris, 

A.B., M.D. Lea & Febiger, Philadelphia and New York, 1914. 

Dr. Norris’s book on blood-pressure is certainly the best work on that sub- 
ject in English up to date. The chapter on physiology of blood-pressure, con- 
tributed by Dr. J. Harold Austin, is an admirable summary of knowledge on 
that point. The account of the different instruments for measuring blood- 
pressure is full and clear. In fact, this account seems rather unnecessarily full ; 
doubtless Dr. Norris felt that he would be accused of partizanship if he did 
not describe and picture almost all the instruments now in the market. But 
it appears that the time has come when such an accusation must be risked, and 
it is to be hoped that future books on this subject will not describe more than 
two or three instruments, including the ones the author finds most valuable. 

The chapters on clinical aspects of blood-pressure measurement are admir- 
able, although on page 182 the arrangement and labeling of matter is not alto- 
gether satisfactory. Possibly, too, somewhat less space might be given to the 
blood pressure findings in diseases in which they are really of no value. Doubt- 
less, however, this sort of tabulation is more important in the present stage of 
our knowledge than it will be later on. Especially judicial and satisfactory is 
the account of functional tests, including both blood-pressure measurements and 
other methods in the study of functional efficiency of the circulation in Chapter V. 

The jMental Health of the School Child. By J. E. Wallace Wallin, Ph.D. 

Price $2. New Haven : Yale University Press, 1914. 

This book consists of a series of lectures and papers which have been given 
by the author at various times and in various places. The subject is taken up 
very thoroughly and contains not only a scientific consideration, but also much 
data in regard to the state of psycho-educational movement in this country, 
especially as it affects the universities and medical schools. 

It distinguishes also the position in education which is taken by psychological 
clinics. It la 3 's emphasis on the fact that one must be specially trained and 
specially endowed temperamentally to take up this intricate study with any hope 
of success. One is struck with the sane ideas expressed in regard to the rela- 
tive position of eugenics and the scientific consideration of the welfare of the 
race. The author has gone extensively into the subject of the effects of physical 
handicaps on the mental condition. 
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The book ends with a chapter on a scheme for clinical study of mentally 
and educationally unusual children. Taken as a whole this book is an excellent 
treatise on the subject and worth while, not only to one who is deeply inter- 
ested in the mental health of the school child, but also to one who wishes to 
get an unbiased opinion of the present state of scientific attainments ‘ in this 
line, 

R^oblems of Genetics. By William Bateson, M.A., RR.S. With illustrations. 

Price $4; postage twenty-two cents. New Haven: Yale University Press, 
1913. 

Physicians are traditionally familiar with the study of nature. The present 
work shows how difficult it is for the medical man to keep up with the broad 
and rapid current of biologic investigation, yet it impresses on the reader 
the fact that more than ever, with problems of genetics thrust on the physician 
by the patient and the lawmaker, it is necessary to keep up as much as pos- 
sible, if not by actual work, then by reading or otherwise. The style of the 
author is by no means easy, yet careful reading will disclose many suggestions 
of value. The medical mind as readily falls into routine as others, and one 
evidence of this is the acceptance of early evolutionary doctrines as of apodictic 
certainty. Bateson gives a rude shock to such minds. He begins by a dis- 
cussion of genetics and the problem of species and varieties, based largely on 
his previous work on Mendelian principles of heredity. For those who have 
not followed Bateson's articles in the periodic press, this chapter is full of 
suggestions and stimulation, though minds that require dogma (in Bateson's 
words, those not ‘‘of first-rate analytical power") will be sadly disappointed. 
In the chapter on “Meristic Phenomena" many problems that appeal to the 
pathologist and clinician are touched on — not with finality, but again sug- 
gestively, for instance, in regard to twins, transposition, coalescence of digits, 
polydactylia, etc. In the classification of variations Bateson discusses the 
causes of acquired characteristics ; that is, antibody formation, genius, etc. 
His views have become well known through other sources and are here clearly 
set forth. The chapter on the “Mutation Theory" should be studied by all who 
have floated with the evolutionary tide — not to follow another prophet, but 
to learn some of the things that still remain unknown. Altogether the work 
is one of great interest. Medical readers will appreciate^ it all the more, because 
in typography and other make-up it is so superior to their usual reading matter. 

A Text-Book of Medical Diagnosis. By James M. Anders, M-D., Ph.D., LL.D., 

and L. Napoleon Boston, A.M., M.D. Philadelphia and Boston: W. B. 

Saunders Company, 1914. 

The ^‘Text-Book of Medical Diagnosis" of Anders and Boston is one of the 
most faulty works on the subject that has ever come to the attention of the 
present reviewer. One can hardly open it anywhere without finding gross mis- 
takes. The present reviewer has opened it twenty-six times at random, and 
finds the following twenty-six errors ; 

On page 101 it is stated that the sputum of bronchiectasis is usually' “grayish 
or brown in color and mucopurulent in consistence." In fact, such sputum is 
rare in that disease. Pure pus is the rule. 

On page 243 we are given, under the heading of “Laboratory Diagnosis of 
Pericarditis," a summary of the urinary changes seen in any fever, and there- 
fore of no diagnostic value in pericarditis. 

The picture on page 259, showing where a thrill was felt under the left 
clavicle a year after an attack of ulcerative endocarditis, is accompanied- by no 
text which gives us any reason to believe that the ordinary subclavian thrill 

• has been excluded. . . 

On page 283 it is stated that the transmission of a loud mitral regurgitant 
murmur to the region of the left scapular angle is rare. Yet, on the opposite 
page, 282, it is stated that this murmur is found posteriorly. 
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On page 298 it is stated that in typical cases of chronic myocarditis the pulse 
is slow, from 30 to 60 beats per minute. Clinical observation gives no support 
for such a statement. 

On page 351 primary anemia is wrongly defined as one in which the blood- 
making organs are affected primarily. 

On page 385 it is stated that “drug purpura follows the administration of 
lethal doses of mercury, belladonna, potassium iodid, ergot," etc. Presumably 
“lethal” is a mistake for “toxic.” Two paragraphs further down arthritic pur- 
pura is said to be associated with lesions “of the heart and other serous mem- 
branes.” 

On the next page, 386, it is said quite mistakenly that the blood findings 
in purpura closely resemble those seen in the various types of secondary enemia. 
In fact, the blood is usually normal in purpura. At the foot of this page it 
is stated that purpura of whatever type is always of grave significance; the 
grounds for such a statement the reviewer cannot conceive. 

On page 490 the summary of the diagnostic characteristics of chronic gas- 
tritis contains nothing that is in any way peculiar to that disease or diagnostic 
of it. 

On page 492 it is stated that the pain of gastric ulcer begins from one to 
ten minutes after the taking of food. Clinical experience is united in finding 
that ’the pain usually originates much later after the taking of food. 

On page 498 it is stated that a lack of success in the attempt to remove fluid 
from the stomach by means of the stomach-tube is a characteristic feature of 
hour-glass contraction of the stomach. Of course this feature is not character- 
istic of hour-glass stomach, since it occurs in a variety of other conditions. 

On page 501 it is incorrectly stated that secondary anemia is a constant 
feature of gastric cancer. 

On page 506 it is stated that succussion sounds are to be found over the 
normal stomach of the negro. The African race enjoys no monopoly of this 
finding, as would seem to be implied. 

On. page 598 it is stated that in the early stages of atrophic cirrhosis the 
liver is somewhat enlarged. Possibly this may be true in some cases, but the 
reviewer knows of no evidence that bears out such a statement. 

•On page 624, under the diagnosis of pancreatic cancer, it is stated that’ the 
vomitus is “bilious” in character and that the stools contain undigested muscle 
fibers. In the reviewer’s experience neither of these features is of any impor- 
tance in the diagnosis of that disease. 

On page 627 it is mistakenly stated that pronounced enlargement of the 
spleen is found in tricuspid regurgitation. 

On page 734 it is said that the skin of patients with chronic dysentery 
always feels cool. This is certainly a misstatement. On the same page the 
presence of tubercle bacilli in the sputum is mentioned as a differential point 
between chronic dysentery and tuberculous ulceration of the colon. No hint 
is given of the fact that tubercle bacilli are often found present in the feces 
despite a normal condition of the intestine. 

On page 805 mensuration is said to show deficient expansion of the phthisical 
chest even in the earliest' cases — a remarkable statement. The further descrip- 
tion of incipient phthisis corresponds properly with that of adzmiced phthisis, 
not of the incipient disease. 

On page 807 it is stated that all traces of the ophthalmotuberculin reaction 
disappear from the conjunctivae within two or three days; the cases in which 
a much more serious conjunctivitis follows are here ignored. 

On page 813 it is said that the hemic changes of tuberculosis are those of 
secondary anemia; there is no hint of the fact that the blood of advanced 
tuberculosis usually shows no anemia at all. 

On page 892, under the etiology of acute articular rheumatism, nothing is 
said concerning the work of Poynton and Paine,. or of Rosenow, on the peculiar 
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streptococci found by them in rheumatism, and now generally admitted to be 
the cause of that disease. 

On page 894 the ancient fallacy of an “acid sweat” in acute articular rheu- 
matism crops up once more. This is a relic of the old uric acid theory of 
rheumatism. In fact, the sweat of practically every febrile disease is acid unless 
the skin is previously cleansed with alcohol. 

Under the account of tabes dorsalis the reviewer can find nothing about the 
diagnostic value of lumbar puncture. 

On page 1009 occurs a quite antediluvian paragraph on lithemia. 

On page 1152 we find myxedema strangely placed among the diseases of the 
nervous system, and arthritis deformans on page 1158 under the same general 
caption. 

The foregoing twenty-six comments represent the results of opening this 
book in twenty-six places. The best thing in the book is Dr. George E. Pfahler’s 
section on x-ray evidence in disea|e of the pericardium, heart and blood-vessels 




V 



The Archives of Internal Medicine 


Vol. XV 


FEBRUARY, 1915 


No. 2 


ACTION OF ATOPHAN AND NOVATOPHAN IN GOUT 

AND IRITIS * 

C. A. SMITH, M.S., and P. B. HAWK, Ph.D. 

PHILADELPHIA 

Since the work of Nicolaier and Dohrn^ showing an increased 
elimination of uric acid, due to the action of 2-phenylquinolin-4-car- 
boxylic acid (atophan), a great deal of work has been done by many 
investigators with this substance. All get results showing an increased 
elimination, but all are not in accord in explaining the mechanism by 
which this increased elimination is obtained. Weintraud,- as well as 
Frank and Bauch, ^ have concluded from results of experiments in 
which uric acid was injected and sodium nucleinate was fed, that the 
atophan acts by increasing the efficiency of the kidney for uric acid 
elimination. Deutsch,"^ Folin and Lyman“ and Zuelzer® have reached 
the same conclusion<^y showing a decrease in the uric acid content of 
the blood, after the administration of atophan. Retzlaff^ and Brugsch,® 
as well as Gudzent, Klemperer and Dohrn (cited by Retzlaff), were 
unable to obtain any decrease in the uric acid of the blood by the 
action of atophan, but, to the contrary, obtained an increase, which 
they interpret as indicating a mobilizing action of the atophan. 

Submitted for publication June 26, 1914. 

*From the Laboratory of Physiological Chemistry, Jefferson Medical College. 
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f. inn. Med., 1908, xciii, 331. 
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It appears to us, however, that although probably the primary action 
of the atophan is the stimulation of the kidney, for uric acid elimina- 
tion, yet it is logical to think of at least an indirect mobilizing action. 
In normal cases and in non-gouty cases the uric acid elimination, under 
the influence of atophan, is rather large the first day, and falls after a 
day or two to a point below normal. This is apparently due to the 
depletion of the supply of uric acid in the blood, and as there are no 
deposited urates, there is no replenishment of the depleted blood. In 
the case of gout, however, there are deposits, which may be mobilized, 
tending to maintain the blood concentration, thus accounting for the 
rather high and long-continued increased excretion of uric acid in gout 
cases, as mentioned by Zuelzer.'’ That the mobilization is not exten- 
sive is apparently indicated by the fact that the uric acid content of 
the blood is lower at the end of the atophan treatment. It seems 
reasonable to think that as the supply of uric acid in the blood is 
decreased through the action of atophan, there would be a tendency 
for the solution of the deposits. 

In connection with the mobilizing of deposited urates, the work of 
Daniels,® showing an apparent increase in the uric acid output in gout 
over that due to atophan, by the use of lithium along with atophan, is 
of interest. Ablf has suggested the use of other drugs with atophan. 

Our studies were conducted on patients in the Jefferson Hospital, 
and in all instances the subjects were placed on purin-free diets. No 
attempt has been made to give complete clinical findings. 

Observations 1 and 2. — Gout. — N. W., aged 20. (Tables 1 and 2). The 
patient had a marked hypertrophy of the left ventricle, had had several severe 
dilatations, chronic interstitial nephritis, numerous tophi in the ears, and arterio- 
sclerosis. Blood-pressure was high as a result of the arteriosclerosis. 



TABLE 

T Tfj r-i a — 

1 . — Observation 

1, Gout 

Blood 
(100 gm.) 
Uric Acid 

Day 

Vol. 

Uric Acid 


c.c. 

gm. 

mg. 

1 

1,975 

0.217 


2 

1,625 

0.068 


3 

2,474 

0.087 


4 

2,282 

0.084 


5 

2,064 

0.101 

2.54 

6 

2,077 

0.101 

.... 

7 

1,805 

0.054 

1.60* 

8 

1,216 

0.097 


9 

1,898 

0.127 


10 

2,530 

0.157 


11 

2,438 

0.144 

1.71 

12 

2,590 

0.121 


* Taken at the end of Day 7. 


Atophan 

gm. 


3 

3 

3 


9. Daniels, Amy L.: The Influence of Lithium and Atophan on the Uric Acid 
Excretion of a Gouty Patient, The Archives Int. Med., 1914, xiii, 480- 
t Abl: Arch. f. exper. Path. u. Pharmakol., 1914, Ixxiv, 119. 
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TABLE 

2. — Observation 

2, Same 

Case as in 

Table 1 




Blood 



Urine 


(100 gm.) 


Day 

Vol. Uric Acid 

Uric Acid 

Atophan 


c.c. 

gm. 

mg. 

gm. 

1 

2,182 

0.205 



2 

1,780 

0.161 



3 

1,712 

0.221 

4.88 

5 

4 

1,622 

0.208 

. . • • 

5 

5 

1,915 

0.216 

3.44* 

5 

6 

1,370 

0.147 



7 

2,280 

0.207 



Taken at the end of Day 5. 





There were no active symptoms of gout during the first observation, 
but on the morning of the final day, the patient complained of slight 
soreness in both great toes. The diet was supposedly continued purin- 
free between the two periods, but the patient received chicken at least 
once during that time; the exact day he received it, is, however, 
uncertain. 

At the beginning of the second observation, both toes were swollen, 
inflamed and very painful. At the end of the second day of atophan 
treatment, the symptoms were much improved. The toes were still 
swollen, and at the end of the third day were about the same. After 
the atophan was stopped the symptoms reappeared, although not to 
the same extent. There was no noticeable change in the tophi, under 
the atophan treatment, as reported by Richter.^® 

In the “very severe case of gout” cited by Folin and Lyman,^ the 
atophan caused neither an increased uric acid elimination nor a 
diminished uric acid value of the blood, the blood containing the 
normal amount of uric acid. In our case, although the content of uric 
acid in the blood was normal, we obtained an appreciable reduction, 
although the increase in elimination was exceedingly slight. The case 
is of considerable interest because of the exceptionally low uric acid 
elimination. 

In the case reported by Folin and Lyman, the rise in the uric acid 
content of the blood seems to be due to the decreased elimination. The 
increase noted in our case is apparently not to be accounted for in the 
same manner, as there was an accompanying increase in elimination. 

Observation 3. — Iritis. — !M. P., laborer, aged 55. Ulcerative keratitis. 
Patient was attending a brush fire and the wind blew some sparks and smoke 
into his eye. Previous treatment, atropin after sweats. Sweats discontinued 
with the start of this experiment. Discharged, much improved. 


10. Richter, Paul Friedrich : Ueber Wesen und Behandlungen der Gicht, 
Deutsch. med. Wchnschr., 1911, xx.xvii, 2361. 
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TABLE 

3. — Observation 

3, Iritis 



- 


Blood 



Urine- 


(100 gm.) 


Day 

Vol. 

Uric Acid 

Uric Acid 

Atophan 


c.c. 

gm. 

mg. 

gm. 

3 

1,000 

0.263 



4 

1,000 

0.274 



5 

1,000 

0.274 



6 

(Lost) 




7 

1,210 

0.293 



8 

1,090 

0.274 



9 

1,000 

0.270 

1.4 

5 

10 

1,000 

0.307 


5 

11 

1,090 

0.273 

6.4* 

' 5 

12 

458 

0.253 



13 

965 

0.366 



14 

1,000 

0.146 



* Taken at the end of Day 

11. 




In the table, all urines recorded as 1,000 c.c. volume were very 
concentrated, and contained sedimented uric acid and urates. ’ These 
were dissolved in sodium hydroxid and then the whole amount made 
up to 1 liter with distilled water. The volumes averaged about 300 
or 400 c.c. 

The iritis seemed to clear up rapidly under the influence of the 
atophan, although the uric acid elimination was not influenced. 


Observation 4. — Iritis. — C. S. aged 35. Had two children, no miscarriages. 
No venereal infection. Never any acute articular rheumatism. Family history 
negative. Patient would not remain for the completion of the experiment, and 
would not permit of the taking of a final blood sample, for no, apparent reason, 
except possibly because of menstruation, which occurred during the course of 
the experiment. 

TABLE 4. — Observation 4, Iritis 


Urine- 


Day 

Vol. 

Uric Acid 


c.c. 

gm. 

1 

1,500 

0.297 

2 

1,310 

0.312 

3 

800* 

0.206 

4 

760* 

0.135 

5 

1,450 

0.278 

6 

2,010 

0.348 

7 

1,295 

0.317 

8 

1,005 

0.225 

9 

1,065 

0.169 


* Probably some of these two samples were 
the samples were complete. 


Blood 
(100 gm.) 

Uric Acid Atophan 
mg. gm. 


0.66 5 

5 
5 

lost, although the nurses claimed 


In both cases of iritis (Observations 3 and 4), there was no appre- 
ciable increase in the uric acid elimination due to the atophan, although 
in the first case there appeared to be a slight delayed increase, similar 
to one recorded by Deutsch.'^ Haskins^^ also noted a delay in the time 

11. Haskins, H. D.: The Effect of Atophan and Novatophan on the Endog- 
enous Uric Acid Excretion of Normal Men, Jour. Pharm. and Exper. Ther., 
1913, v, 63. 
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of appearance of the uric acid increase. The explanation for the lack 
of increase in uric acid excretion in iritis, as well as for the clearing 
up of the trouble under the atophan, in both our cases, is not apparent. 
It may be that atophan has an important action totally unrelated to uric 
acid. May this not be due to the antiphlogistic action of atophan 
which Starkenstein and Wiechowski^- have demonstrated? We hope 
to investigate this point. 

Observation 5 . — Acute Rheumatic Fever and Pericarditis. — G. R., aged 18. 
All joints limited in motion. Distinct pain over vertebrae. Right wrist and 
hip most sensitive. Widal positive. Wassermann negative. Data in regard to 
history, both personal and family, very indefinite, although there was appar- 
ently no family history of gout. Had been receiving ferrosalicylate, and had 
also received, some time after the salicylate was stopped, 5 gm. of atophan per 
day for a period of five days. This was stopped the morning our observation 
period began. He had also received sodium bicarbonate, aspirin, and an occa- 
sional hypodermic injection of morphin to relieve pain. The sodium bicarbo- 
nate was continued throughout the observation period. 

TABLE 5. — Observation 5, Acute Rheumatic Fever anb Pericarditis 


Day 

Urine— 

Vol. 

Uric Acid 

Atophan 

c.c. 

gm. 

gm. 

1 

855 

0.214 


2 

710 

0.212 

■ 

3 

2,385 * 

0.501 


4 

920 1 

0.313 


5 

2,025 

0.579 

5 

6 

1,370 

0.343 

5 

7 

1,590 

0.398 

5 

8 

2,005 

0.479 

5 

9 

1,800 

0.432 

5 

10 

2,230 

0.540 

5 

11 

1,515 

0.324 


12 

2,610 

0.596 


13 

1,315 

0.250 


14 

1,825 

0.593 


15 

1,370 

0.607 



* Patient (without our knowledge) was given two cups of water every half 
hour during the day, which may explain the large increase in uric acid elimin- 
ated, although little is known as to the effect of water ingestion on the uric 
acid output. 

t Patient perspired excessively throughout the day and night. 

After the atophan was stopped, previous to the observation period, 
the patient became worse, the pain increasing, and on Day 3 of the 
experimental period, patient had a temperature of 102.5. On the 
administration of atophan, the pain disappeared, and the patient was 
able to sit up in bed, feeling much improved. There was not a second 
relapse similar to the first during the time the patient continued under 
our observation. 

12. Starkenstein, E., and Wiechowski, W.: Ueber die Pharmakologie des 
.'\trophaus, Prager med. Wchnschr., 1913. 
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According to Ziieker,® who finds in all cases of gout a rather 
marked increase in uric acid output, continued over a long period of 
time, and in all non-gouty joint atfections, a smaller increase over 
only one or two days, this case would be considered as of a gouty 
nature. A similar rather high and uniform increased elimination is 
to be noted in the case of J. S. B., Observation 6, which case was 
diagnosed as gouty. 

The increases of Days 12, 14 and 15 are rather peculiar, and not 
easily accounted for, unless as a delayed increase from the long 
atophan period. 

Observation 6. — Arteriosclerosis and Gout. — J. S. B., bar-tender, aged 55. 
Rheumatic pains about shoulders and upper back. Alcoholic. No family his- 
tory of gout or similar conditions. No previous history of rheumatism or lues. 

TABLE 6. — Observation 6, Arteriosclerosis and Gout 


Day • 

Urine— 

Vol. 

Uric Acid 

Novatophan 


c.c. 

gm. 

gm. 

1 

1,380 

0.426 


2 

2,565 

0.416 


3 

1,970 

0.384 


4 

2,095 

0.543 

5 

5 

2,250 

0.563 

5 

6 

1,980 

0.521 

5 

7 

2,040 

0.314 


9 

2,245 

0.294 


9 

1,870 

0.391 


10 

1,790 

0.403 



In this case results, similar to the usual results with atophan, were 
obtained with novatophan. The patient felt very much better while 
receiving the novatophan, and the discomfort in the shoulders returned, 
although not to the same extent, after the treatment was stopped. It is 
probable that the elimination would not have remained so uniform 
(see Days 4, 5 and 6) had the administration of the novatophan been 
continued for a longer period. 

In one case in which atophan was given in tablet form, no difficulty 
was experienced in regard to an unpleasant taste. In the other cases 
gelatin capsules were used. In no case were there any untoward symp- 
toms, as for example the scarlatiniform rash, noted by Herrick.^^ 

Skorczewski and Sohn’^'^ report that atophan urines respond in the 
characteristic manner to Ehrlich’s diazo reaction. They are substan- 
tiated by Dohrn.^® We were unable to obtain the typical reaction in any 

13. Herrick, W. W.: A Scarlatiniform Rash from Atophan, Jour. Am. Med. 

Assn., 1913, Ixi, 1376. r*. ^ i 

14. Skorczewski, W., and Sohn, I. : Ueber einige in Atophanharne auftretencle 

characteristische Reaktionen, Wien. klin. Wchnschr., 1911, xxiv, 1^ . 

15. Dohrn, Max: Ueber Farbreaktion speziell die Diazoreaktion im Atophan- 
harn, Miinchen. med. Wchnschr., 1912, lix, 568. 
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case. A similar reaction was obtained, but easily differentiated from 
the characteristic one. 

Owing to previous difficulties experienced in the collection of blood 
samples, the uric acid was not determined in the blood during Observa- 
tions 5 and 6. In determining the uric acid in blood, we followed slight 
modifications of the method of Folin and Denis^® as suggested by 
Myers and Fine.^'^ The oxalated blood was poured into about four 
volumes of boiling distilled water, with stirring, and again brought to 
a boil. Hundredth-normal acetic acid was then added to complete 
coagulation, about an equal amount being required. The procedure 
from this point on was the same as the original. In all cases (both 
blood and urine) three drops of concentrated hydrochloric acid, instead 
of one drop as called for by the method of Folin and Denis^® were 
added along with the hydrogen sulphid used to decompose the silver 
urate. 

We wish to express our indebtedness to Drs. McCrae, Solis-Cohen, Hansell 
and Sweet of Jefferson Hospital for permission to study the cases herewith 
reported. We are also indebted to Drs. Burns, Clerf, Dry, Livengood, Lummis, 
Shannon, and Wayland, as well as the nurse in attendance, for care and assist- 
ance in the collection of blood samples and the handling of the cases. 

16. Folin, O., and Denis, W. : A New (Colorimetric) Method for the Deter- 
mination of Uric Acid in Blood, Jour. Biol. Chera,, 1913, xiii, 469. 

17. Personal communication. 

18. Folin, O., and Denis, W. : Jour. Biol. Chem., 1913, xiv, 95. 



THE RADIO-ACTIVITY OF THE MINERAL WATERS OF 
HOT SPRINGS, WARM SPRINGS AND HEALING 
SPRINGS IN HOT SPRINGS, VA. * 

JOHN C. HEMMETER, M.D., and ERNEST ZUEBLIN, M.D. 

University of Maryland, 

BALTIMORE 

The study of radium and radio-activity long ago became a subject 
of great interest, not only for the pure scientist, but also for the physi- 
cian and his patients. The search for radium-containing ores in this 
country, while it has been successful in demonstrating the wealth con- 
tained in the earth, has also evidenced the great scarcity of this metal. 
It is important, therefore, to study the numerous springs of this country 
in the light of their radio-activity. Although the analyses made in this 
country are not numerous, it is to be hoped that in the course of years 
the contributions to our knowledge of the radio-active properties of 
our springs will become more numerous. It is with this aim that the 
following investigations were undertaken. Before detailing the results 
of these investigations, a few historical facts may be pertinent. 

Since the discovery of the “x-rays” by Roentgen^ in 1895, numer- 
ous scientific facts have been revealed; for example, the Becquerel or 
the “canal” rays of Goldstein (1898), the radio-active properties of 
uranium, the isolation of polonium and radium ( Schmidt and Madame 
Curie,^’^ Giesel,^ Marckwald®), of thorium (Hahn°), of actinium 
(Debierne,’' 1899), the ekalathan (by Giesel®) and the radiothor (by 
Marckwald in 1902). The study of the chemical and physical prop- 
erties of these substances and of the products resulting from their 
continuous disintegration, led to the discovery of different rays (alpha, 
beta, gamma), to whose action the chemical-biological effects of radio- 
active substances must be attributed. 


* Submitted for publication May S, 1914. 

1. Cited according to Rutherford : Radioactive Substances and Their Rela- 
tions, 1913, p. 6. 

2. Curie, P. and S. : Compt. Rend, de I’Acad. d. Sc., 1898, cxxvii, 1215. Curie 
M. and Mme., and Bemont, G. : Compt. Rend. d. I’Acad. d. Sci., 1898, cxxvii, 
1215. 


3. Hampson: Radium Explained, p. 20. 

4. Giesel : Ann. d. Physik., 1890, Ixix, 91 ; Ber. d. deutsch. Chem. Gesellsch., 

1902, p. 3608. ^ 

5. Marckwald: Physikal. Ztschr., 1903, iv, 51. Ber. d. deutsch. Chem. 

Gesellsch., 1903, p. 2262. ... _ 

6. Hahn: Proc. Roy. Soc., 1905, Ix.xvi, 115; Phys. Ztschr., 1907, vni, 277; 

ibid., 1908, ix, 392. . . 

7. Debierne: Compt. Rend, de I’Acad. d. Sc., 1899, c.xxi.x, 593; ibid., 1900, 

206 

* s' Giesel : Ber. d. deutsch. Chem. Gesellsch., 1902, p. 3608 ; ibid., 1903, p. 34^. 
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Besides these different rays, emanation was discovered as a constant 
decomposition product in connection with radium and thorium, as well 
as in actinium (1900 Dan). The emanation, a gas of an evanescent 
character, diffuses rapidly into the surrounding air and is readily dis- 
solved in water, and in contact with other substances the radio-active 
properties of this emanation are imparted to the former, so creating 
excited (induced) radio-activity. Emanation that contains alpha rays 
is radio-active and as such ionizes the air. As a gas it is subject to the 
laws of diffusion and is condensed at a temperature of minus 185 C. 
Its qualities can be preserved in a latent stage (Ebert,® Rutherford and 
Soddy’-®). The atomic weight of emanation, according to Ramsay^^ 
and Sommer,^® is 218.5; its half-time or half-value (that is, in that 
time the substance will have lost 50 per cent, of its original strength of 
radiation) is 3.8 days. Dry emanation under considerable heat rapidly 
splits up and produces helium. Moist or dissolved in water, the decom- 
position product is- called neon (atomic weight 20) . In the presence of 
copper salts argon (atomic weight 40) is formed. Elster and Geiteh® 
were the first to detect the frequency of emanation as present in the 
air, in the soil, in caves, in the atmospheric precipitations (rain, snow). 
In England, G. Thompson’-^ in Cambridge, in Italy, Pocchettino and 
Sella in Rome,^® demonstrated radio-activity and radio-emanation in 
the air and in the waters. Since 1903 these facts have been confirmed 
by numerous investigators (Thompson, Allen, Himstedt,^® Lord 
Blytheswood, Strutt, Elster and Geitel,^® Dom, Schenck, Mache). A 
review of the literature on radio-activity of mineral waters, and of the 
by-products and sediments found in spas, would certainly be of inter- 
est, but would surpass the aims of the present paper. It seems, how- 
ever, that the most numerous contributions in this line have been 
carried out by German and Austrian investigators, so that the most 
renowned spas can be compared with regard to their radio-activity 
(Joachimstal, Brambach, Gastein, Lacco Ameno (Ischia), Carlsbad, 
Baden-Baden, Baden b. Wien, Teplitz, Nauheim, Marienbad, Fran- 
zensbad Diirckheim, Kreuznach, Muenster, Landeck in Silesia and 
others) . 


9. Ebert: Ber. d. Bayr. Acad. d. Wissensch. Miinchen., 1903, xxxiii, 1333. 

10. Soddy: The Interpretation of Radium, 1912. 

11. Ramsay: Jour. London Chem. Soc., 1907, xci. 

12. Sommer, in Emanation and Emanationstherapie (Gmelin), 1909. 

13. Elster and Geitel: Phys. Ztschr., 1900, i, 11; ibid., 1901, ii, 116, 560, 590; 
cited by Rutherford (Footnote 1, p. 340); Engler and Sieveking: Radium in 
Biol. u. Heilk., 1912, i, 277. 

14. Cited according to Rutherford (Footnote 1, p. 641). 

15. Himstedt : Ann. d. Phys., 1903, xii. 107 ; ibid., 1904, xiii, 573 ; cited by 
Engler and Sieveking (Footnote 13, p. 270). 
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METHODS OF THE DETERMINATION OF RADIO-ACTIVITY 

For the determination of radio-activity of fluids, gases, sediments 
and stones, different methods have been recommended, such as : 

(a) The test on the fluorescent screen as compared with standard radium 
preparations. 

(&) The action on the sensitized photographic plate, as compared with stand- 
ard radio-active compounds. 

(c) The measurement of the ionized air, produced by the emanation con- 
tained in radio-active fluids, solids and gases. 

The latter method is the one most frequently used and gives good 
results. This can be done as follows : 



Fig. 1. — Diagram of apparatus for testing the radio-activity of dissolved and 
gaseous emanation in spring waters : A, flask ; B, wash-bottle ; C, absorption 
tube; D, Gas tank; E, measuring-glass; t, tx, taps; a, mineral water; b, nor- 
mal loss for ordinary tap water ; d, radio-activity of remaining tank water after 
passage of gas; e, radio-activity of escaped water from tank; f, radio-activity 
of gas mixture in tank. 

1, By circulating the emanation through the electroscope. By pres- 
sure the emanation is liberated from the water and then reaches the 
electroscope by a closed system. In this apparatus the charged leaflets 
of the electroscope lose their electric charge more or less rapidly, 
according to the ionization of the air containing the emanation. By 
means of a microscope the rapidity and the distance of the leaflets is 
read off from a scale. Such a method was first recommended by 
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Elster and GeiteP® and has been used since by different investigators 
— Boltwood,^'^ Schlundt and Moore, and others. Different causes of 
error have to be eliminated; for example, the rubber connections and 
the glass tubing can absorb the emanation, or the mechanical propul- 
sion may be at fault and thus an irregular circulation of the emanation 
may result. Instead of forcing air through the fluid, which drives off 
the emanation, the radio-active water can be boiled. In this manner 
the emanation escapes rapidly and can be measured in the electroscope. 
This method gives some higher values than the one previously men- 
tioned. If sediments or minerals are to be examined, these are either 
dried or calcinated and the emanation that escapes can be collected 
and measured. 

2. Engler and Sieveking^® adopted another manner of procedure 
which is as follows: The water, under the necessary precautions, is 
poured into a given tank, and after hermetic closure by a well-fitting 
rubber stopper, is shaken vigorously for one-half to one minute. If the 
mineral water should contain a considerable amount of free carbonic 
acid, this chemical substance, freed from the water, increases the 
pressure in the tank. Occasionally the rubber stopper may be blown 
off and with it a considerable loss of emanation may result. To avoid 
such an accident a small amount of water is allowed to escape through 
a small tap at the bottom of the tank, without any gas, in order to 
restore the normal pressure. By shaking the water the emanation is 
driven into the air, and only about 2 per cent, of the original amount 
remains dissolved in the fluid. The fontactoscope from Engler and 
Sieveking is the apparatus most frequently used in the tests reported 
in the literature, for comparative measurements with this method gave 
results as close to those control tests as could be obtained by any other 
laboratory method. In our investigations we also used the fontacto- 
scope of Engler and Sieveking, the dispersion factor of the apparatus 
being indicated as 13.8. The technic which we followed was, in brief, 
as follows : 

1. Determination of the electric conductivity of the tank containing ordinary 
air, ascertained by successive reading of the distance of both leaflets of the 
electroscope during one hour. Each fraction of the scale corresponds to a cer- 
tain electric tension in volts, and so the normal loss for each determination was 
ascertained. According to the time of the day, the weather, the humidity of 
the surrounding air, this normal loss differed from the previous determinations. 
In cases in which the figures obtained were high, owing to the accumulation of 
humidity in the apparatus, the air was deh 3 'drated by the introduction of a 
small amount of metallic sodium left in the capsule of the electroscope. After 
this the normal loss became smaller. 


16. Elster and Geitel : Ph\-s. Ztschr., 1905, v, 32. 

17. Boltwood ; Am. Jour. Sc., 1904, Series 4, xviii, 97 ; 1905, xx, 128. 
IS. Schlundt and Moore: U. S. Geol. Survei’, 1909, Bull. 315. 

19. Engler and Sieveking: Radium in Biol. u. Heilk., 1912, i, 277. 
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2. Determination of the radioactivity of the normal mineral water. After 
a qualitative test had demonstrated the presence of radio-activity in the water, 
a measured quantity of the water was collected from the spring under the 
proper precautions in a hermetically closed glass container, transferred as, 
quickly as possible to the laboratory ; immediately placed in the gas tank, shaken 
for one-half to one minute, the electroscope rapidly adapted, charged with posi- 
tive electricity and the first reading of the distance of the leaflets taken. A 
stop-watch marked the fractions of minutes, and at regular intervals, as recorded 
on the tables, the distance of the leaflets was ascertained. In most instances 
the highest readings were obtained in one-half minute from the beginning of 
the experiment. The readings were continued up to an hour, or even longer. 
These figures, representing the distance of the leaflets, correspond to so many 
volts as indicated in the table, and warranted by the manufacturer of the instru- 
ment. After deduction of the normal loss of tension as found for air, , these 
flgures then were computed for one liter and for one hour’s time, and the 
volt-hour pro liter mineral water was found. In most of the results published 
by other investigators we find the radio-activity rendered in electrostatic units. 



Fig. 2. — Method of collecting the escaping gas from the spring for the 
examination of radio-activity: F, stick supporting funnel, G, which is connected 
with the wash-bottle, B, the dehydrating tube, C, and the aspiration bulb, H. 

or, as these figures usually are exceedingly small, this product multiplied by 
1,000 is quoted as Mache units (M.-U.). In our tables the values correspond 
to Mache units per liter water and per hour. For our purposes no corrections, 
as for the induced radio-activity formed in the gas tank, or the residual activity 
as contained in the remaining water, were made. Such corrections amount to 
a few Mache units only in the average cases and they would not change materi- 
ally the results obtained. In each determination of the radio-activity of mineral 
water a normal test preceded, and that was made after careful washing of the 
gas tank with ordinary tap water so that any remaining induced activity could 
be excluded. For therapeutic purposes a small difference in Mache units can 
hardly be of great importance. 

In the progress of our investigation we were impressed by the 
observation that even in taking the greatest precautions a loss of 
emanation could not be prevented ; even then when we did not lose any 
time before the determinations were begun. This observation was 
strengthened by the marked difference in the results of the determina- 
tion of Healing Springs and of Warm Springs. In both instances the 
samples determined in the laboratory and the readings taken immedi- 
ately at the spring itself, demonstrated the superiority of the field 
determinations (differences from 84.7 to 90.8 per cent.), provided 
favorable meteorological conditions prevailed. Several field tests at t e 
source were carried out and accordingly more accurate readings were 
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obtained. After each determination of mineral water the tank was 
carefully washed out with ordinary tap water in order to remove the 
induced radio-activity adhering to the walls of the gas tank. In some 
of the tests the mineral water was left for a given time in an open or 
closed jar and then the radio-activity ascertained. In some instances in 
the closed jar the emanation collected still showed high values. Further 
observation, however, revealed, by the quick loss, that most of the 
ionization of the air was due to emanation gas and not to radio-active 
substance in solution. 

In some springs the amount of dissolved emanation was ascertained 
by boiling a given amount of mineral water. The following description 
may help to an understanding of the procedure : 

Flask A (Fig. 1) is provided with a long glass tube ending in a fine 
capillary point (to avoid over-pressure by the escape of air), the lower end reach- 
ing to the bottom of the flask. Connected with the boiling flask is the wash- 
bottle B, to retain any impurities that might be driven over from A. In con- 
nection with B is the absorption tube, C, filled with calcinated calcium oxid, 
for the absorption of humidity and vapors. Glass and rubber tubing connect 
C with the gas tank D, provided with several taps, t, and tx, and a well fitting 
rubber stopper at the top. Connected with the gas tank through the tap, tx, 
is the measuring glass, E, to receive the escaping water from the gas tank. 

Previous to the testing of the dissolved radio-activity of the mineral water the 
following determinations are necessary: (1) Conductivity of the gas tank filled 
with air. (2) Conductivity of the ordinary tap water with which the tank is to be 
filled to the brim. After these values have been obtained, a given amount of 
mineral water (a) is boiled for five minutes in the flask A, then the tap, t, 
is opened and also tx; slowly the water is emptied from the gas tank, D, and 
measured in the receiving vessel, E, and a certain amount of it, e, tested 
for its radio-activity. A slow suction is maintained by the outflowing water 
and this is continued until eight liters of water escape, leaving only about two 
liters of water in the tank D (the radio-activity of which is also later ascer- 
tained (d) ; the remaining quantity (f) constitutes the air and emanation aspi- 
rated from the system of containers (A, B, C). The determination of the radio- 
activity of the air and fluid in tank D is not started until the taps t and tx 
are closed and after the gas tank has cooled down to room temperature. 

For the computation of the result all these findings are taken into consider- 
ation. For example, the degree of radio-activity is ascertained as follows : 

(1) radio-activity of the collected gas in tank D = f — b (normal loss of air) ; 

(2) radio-activity of remaining tank water = d — b (normal loss of air) ; (3) 
compared with radio-activity of the same amount of ordinary tank water = c — b ; 
(4) radio-activity of the outflowed water in the receiving tube, E, = e — b 
(normal loss of air). The total value of the computation consisted of 
1 + (2 — 3)-f4=(f — b) -f [(d — b) — (c — b)] 4- (e — b) the value of 
which was found higher than if only D = (f — b) was considered. 

As seen from the different tables from different springs a given 
amount of mineral water was evaporated to dryness and then the salt 
residue tested for its radio-activity. In almost all instances a low con- 
ductivity could be ascertained, from which fact one may conclude that 
in the springs most of the radio-activity must result from the dissolved 
emanation gas. 
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A few tests were also carried out to determine the radio-activity of 
the gases escaping directly from the springs. For a better comprehen- 
sion of the method adopted the following description may be useful : 

The arrangement of the apparatus (Fig. 2) does not differ much from that 
previously described. Instead of the boiling flask a rubber and glass tube, 
suspended on a long stick, F, has as its opening a funnel, G, which is held in 
direct contact with the water surface, exactly over a spot where the gas bub- 
bles arise from the bottom of the spring. Between the gas tank, D, and the 
dehydration tube, C, if necessary a rubber aspiration bulb, H, is inserted through 

TABLE 1.— Comparison with Some European Spas of the Different Springs 
Examined at Hot Springs, Healing and Warm Springs, Va., as to Their 
Radio-Activity, and Their Strength per One Full Bath (50 

Gallons 200 Liters) 


Spring 

Temp. 

P. 

Water 

Gas 

Dry 

Residue 

Total 

Dissolved 

Emanation 

1 Per Pull 

1 Bath— M. U. 

1 

Compares 

with 

1 

102 

16.551 

2.012 

2.474 

21.037 

54.676 

4,207,256 

Neundorf a, Soden. 

2 

90.0 

4.889 

1 12.832 

7.962 

25.683 

3.399 

5,136.642 

Muenster Nauheim. 

3 

62.5 

31.691 





6,348.32 

Nauheim. 

4 

i 

102.5 

33.16 


1 



1 

6,631.972 

Higher than Nauheim. 


102.0 

15.799 

21.128 

3.160 

40.086 

18.002 

8,017.292 

Higher than Nauheim, 

6 ] 

75.0 

64.634 

? 

? ' 

? 


12,906.756 

Higher than Kreuznach; 


! 


1 

! 




less than Baden-Baden. 

7 

84.0 ! 

69.621 

13.335 j 

' S.513 ! 

86.47 

80.419 

16,083.788 1 

Between Kreuznach and 

I 

1 


1 

1 




Baden-Baden. 

8 

63,25 ! 

92.63 

? 1 

? 1 

? 

? 

18,526.252 1 


9 

81.5 

109.273 





21,855.467 


10 

73.0 

112.517 

1 

1 



22.503.384 

Little less than Baden- 








Baden. 

11 

9C.3 

95.72 

32.41 

5.87 

134.002 


26,800.502 

Higher than Baden- 






j 

1 


Baden, 

12 

90.25 

156.63 



1 


31,326.836 

Higher than Gastcin. 

13 

99.4 

101.87 

64.94 

1.22 

157.811 

j 

75.60 i 

1 

31,562.228 

Higher than Gastein. 

14 

104.0 

86.54 

162.18 

2.38 

241.198 

66.234 

48,219.669 

Higher than Gastein 









and Landeck, 

15 

9S.2 

260.95 

21.52 

2.14 

284.592 

61.06 • 

56,918.3 

Higher than Landeck. 


The highest radio-activity in swimming-pools (so far as our knowledge goes) is found in the Warm 
Springs swimming-pool, exceeding the values fovnd in the liaditun Kurhaus at Joachimsthal and repre- 
sented by the figures found at Brambach (Voigtland). 

Name of Springs examined: No, 1, Spout Spring; 2. Octagon ^ring; 3. North Cold Spring; 4. Club- 
house Casino Spring; 5,103® T, Spring; 6. Soda Spring; 7. Healing Springs; 8. South Cold Spring; 9, Swim- 
ming Pool at Hot Springs; 10. August Spring (Thermal Water); 11. Warm Springs; 12. Pipe Spring 
(open well) ; 13. Hot Sulphur Spring; 14. Boiler Spring (used in bath-house) ; 15. Magnesia Spring. The 
numbers of the different springs correspond to those indicated in the tables. 


which, by gentle pressure, the gas escaping far below the surface of the spring 
may be aspirated. The arrangement of the wash-bottle, B, the gas tank, D, 
and the recipient, E, is just the same as in Figure 1 and the entire technic is 
carried out as already described. In making the tests about 8 liters of water 
were withdrawn from the gas tank, D, taps t and tx were closed and the entire 
apparatus was then hurried to the laboratory, where the different determin- 
ations followed immediately. (See preceding determination of gas emanation). 
At Healing Spring and at Warm Spring the gas tests were made immediately at 
the spring. Also was the air in the bath cells of Hot Springs collected in a 
similar way, after securing a hermetic closure of all the outlets of the bath 
cell. The necessary corrections (as mentioned) were considered in the compu- 
lation of the final results. 
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COMPUTATION OF THE READINGS 

As already mentioned, the tension in volts calculated from the read- 
ings can be tabulated in a variety of -ays. For mineral waters the 
Mache unit for one liter of water for oi^c hour has been adopted, or the 
electrostatic unit (1/1,000 Mache units). Another method would be 
the comparison with the emanation resulting from the saturation cur- 
rent of 1 gram of radium (5, 3 X lO'^ electrostatic units), corresponding 


TABLE 2. — Tests of Radio-Activity Made on Boiler Spring Water. Temper- 
ature 104 F. 


Time 

Min. 

1 

2 

3 

4 

5 

Volts 

M. TJ. 

Volts 

M. U. 

Volts 

M. U. 

Volts 

M. U. 

Volts 


% 

4,779.4 


i 951.6 

12.09 

939 

11.93 

11,982.5 

152.18 

6,862.5 

87.15 

1 

5,239.86 

54 

711.6 

9.04 

759 

9.34 

9,899.9 

125.73 

4,628.0 

58.90 


3,699.4 

46.98 

671.0 

8.53 1 

... 

.... 

9,668.0 

86.55 

3,199.5 

40.63 

2 

8,299.4 

38.14 

611.6 

7.78 1 

468 

5.94 

6,588.6 

83.29 

2,670.7 

33.92 

2^ 


38.14 


.... 

... 

.... 

6,306.52 

80.09 

2,670.7 

33.92 

3 

2,739.4 ! 

34.79 

611.6 ! 

6.50 1 

499 

6.35 

5,687.92 

72.24 

2,345.0 

29.78 

4 

1,289.4 

16.38 

381.6 

4.85 

444 

5.64 

4,928.14 

61.59 j 

1,819.8 1 

23.17 

5 

1,971.4 

25.04 


3.84 

399 

5.07 

7,935.36 

1,000.78 

1,651.2 

20.97 

6 

1,639.4 

20.82 1 

291.6 

3.7 

... 

.... 

4,087.82 

61.81 

1,457.75 

18.51 

i 

8 

112.15 

1.42 ! 

254.1 

3.03 

... 

.... 

j 3,608.84 

45.83 

1,073.6 

13.63 

10 

101.8 

1.29 

225.6 

2.87 

213 

2.71 

3,389.38 

43.05 

898.05 

11.41 

12 

91.9 

1.17 

186.6 

2.37 

. . . 

.... 

3,162.92 

40.27 

j 717,5 

i 

15 

69.8 


183.6 

2.33 

155 

i 1.97 

3,005.2 

38.17 

596.0 

7.57 

21 

53.63 




123 

i 1.56 

3,073.06 

38.26 

457.05 

6.80 

30 

67.0 


123.6 

1.57 

... 

— 

2,673.16 

33.85 

359.0 

4.56 

60 



123.6 

1.57 

1 

1 




.... 


EXPLANATION TO TABLE 2 

1. Test carried out at the spring, avoiding transport of the water; values given in volts and Mache 

units per hour and test 1,000 c.c. net, after deduction of the normal loss for air in the tank. • i 

2. Same v/ater taken under all precautions but determination made upstairs in the radiological 

laboratory of the bath-house (loss of time necessarily involved four to five minutes). ^ 

3. Boiler Spring water allowed to stand for twenty-two hours in closed jar; notice the remarkaoie 

difference in the determination compared with 1 and 2. ^ j • ♦ 

4. Gas radio-activity escaping from Boiler Spring, collected under precautions described m 
2,500 c.c. in twelve minutes; values given for radio-activity of tank water and tank air combined, as tne 
tank water readily absorbs the radio-emanation; more than 90 per cent. (97 to 98 per cent.) is louna 
in the water, whilst the air mixture contains a small percentage of radio-emanation (see Fig. 6). 

5. Boiler Spring allowed to flow in bath-tub during twelve minutes and twenty-four seconds; tnen 
sample of air collected from the bath-cell, all windows, doors and possible outlets being kept closed during 
that time. Aspiration of air begun 2 minutes after start ^ of experiment; 2,000 c.c. of water subtraciea 
from water tank during aspiration of about 5.450 c.c. of air. 

Emanation total from tank air, in residual and escaping tank water. 

to 0.57 c.c. of emanation (Curie and Duane"®), or one Curie, or frac- 
tions thereof (millicurie or microcurie X Mo'*^)- ^7 comparison of the 
apparatus with standard radium solutions, or indirectly by computation, 
the Mache units can always be found (1 Mache unit = 37.7 X 


20. Curie and Duane, cited by Ebler, E. : Ztschr. f. anorgan. Chemie, 1911, 
Ixxii, 243. 
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Curie). The substitution of a scientific measure by a term selected in 
memory of a celebrated person may be justified as a reason of acknowl- 
edgment, but it presents certoin.; inconveniences ; it is preferable, there- 
fore, to use mathematical mc^icsures whenever they are possible. It has 
been suggested (Engler and Sieveking^^) to adopt as unit the electro- 
magnetic amount of the current, and by multiplication of the figure 
found by one billion (10^^) to avoid small figures. 


TABLE 3. — ^Test of No. 13, Hot Sulphur Spring. Temperature 99.4 F. per 1,000 c.c. 


Time 

Min. 

6 

HBH 

8 

9 

10 

11 





Volts 

M. U. 

Volts 

1 

M. U. 

1 

Volts 

M. U. 



% 

139.6 

1.77 


mSm 

8,013.2 

101.88 

6,950.7 j 

88,81 

2,733.2 

34.7 

• • 

— 

1 

109.6 

1.39 

: 159.2 

: 2.02 

5,013.2 

63.67 

4,010.7 

51.47 

1,713.2 

21,8 

96 

1.22 

1% 

67.6 

0.S6 

1 

1 

i 

4,893.2 

62.14 



1,213.2 

15.4 



2 

46.6 

, 0.59 

45. 

1 

20.57 

3,893.2 

50.71 

2,390.7 

30 90 

1 

i 

36 

0.46 

2% 

46.0 

0.58 



4,269.2 

54.22 

2,006.7 

26.02 

1 

1 




3 

49.6 

0.63 

23.2 

0.29 

3,673.2 

46.65 

1,850.7 

23.94 

693.2 

8,8 

1 

16 

0.20 

4 

33.1 

0.42 

21.2 

0.27 

2,563.2 ; 

32.55 

1,520.7 

19.85 


...• 

6 

0.07 

5 

29.2 

0.37 

1 

12.8 

0.16 

2,253.2 

28.62 

1,214.7 

16.96 

477.2 

6.1 

1 48 

0.61 

6 

21.6 

0.27 : 



2,043.2 

25.95 

1,010.7 

13.37 



i 


8 

20.3 

1 

0.26 



1,690.7 

21.47 

755.7 

10.13 




.... 

10 

1 

14.8 

1 

0.19 

6.2 

0.08 

1.621.2 

19.32 

626.7 

8.50 

297.2 

3,8 

54 

0.69 

12 

8.0 ! 

0.10 



1,318.2 

16.74 







15 

13.2 

0.17 

3.6 

0.05 

1,113.2 

14.14 

450.7 

6.25 

237.2 

3.0 

52 

0.66 

20 

11.2 

0.14 

0.5 

0.01 

930.2 

U.81 

362.7 

5.14 

192.2 

2.4 

.• 

• ■ • • 

30 

8.0 

0.10 


1 

633.2 

8.04 

282.7 

3.59 


.... 


• • • . 


EXPLANATION TO TABLE 3 

6. Air in the bath-cell; values if only the air in the tank is considered without the determination of 
the radio-activity absorbed in the tank water. 

7. Radio-activity of dry residue obtained after evaporation of 1,000 c.c. of mineral water. 

8. Hot Sulphur Springs: Field test of radio-activity per 1,000 c.c. 

9. Test of water determined at the laboratory, after collection of water under all precautions, and 
under minimal loss of time. Transport of water from spring to laboratory in a well closed glass jar, 
emphasizing the importance of using the water directly at the spring itself. 

10. 1,000 C.C. of the same water are allowed to stand over night, and about fourteen hours later 
the test is carried out; considerable loss is noted. 

11. Determination of radio-activity in dry evaporated residue obtained from 1,000 c.c. of Hot 
Sulphur Spring water. 

With regard to the unit to be used in gases, no international unit 
has been adopted as yet. Several authors (Sommer,^- Engler and 
Sieveking-^) reject the Mache unit as unsuitable. They suggest to 
simply use the strength of the saturation current in electrostatic or 
electromagnetic units, or with the proper mention of the apparatus 
used, to quote simply the loss of volts per hour, or, still better, the 
number of ions as contained by dividing the saturation current by the 
amount of electricity carried by an electron (1 c.c. equals 242 ions). 


21. Engler and Sieveking: Ztschr. f. anorg. Chemie, 1907, p. 53. 

















198 


THE ARCHIVES OF INTERNAL MEDICINE 


Further, according to P. Curie and Laborde,^^ the milligram minute has 
been chosen as the unit for the radio-activity of springs. (One milli- 
gram minute equals 141 Mache units ; one milligram second 2.6 Mache 
units, Engler and Sieveking, Loewenthal.) 

For sediments the factor with which the loss of volts has to be 
multiplied is smaller. This is based on the experience, that, according 
to humidity, porosity, etc., of the substance to, be examined, the loss of 
emanation is considerably smaller. 


TABLE 4. — Tests Made on Magnesia Spring, Temperature 98.2 F. 


Time 

Min. 

12 

1 

4^ i 


15 

16 

17 

Volts 

M. U. 




m 



Volts 

M. U. 

Volts 

M.U. 

% 

14,746.9 

188.29 

2,136 

27.11 

506.7 

6.44 



4,807.8 

61.04 

2,108.9 

26.7S 

1 

20,546.9 

260.945 

1,175 

14.92 

1,694.1 j 

21.52 

93.2 ' 

1.17 1 

11,970.3 

151.01 

1,808.9 

21.96 

1V2 

7,586.9 

94.25 

775 

9.84 

1,300.7 

16.52 



8,674.1 

111.29 

1,188.9 

20.60 

2 

6,956.9 

75.65 

j 650 

8.26 

931.6 

11.93 

168.2 


7,326.6 

93.05 

998.9 

12.69 

2^2 

4,954.9 

62 93 



1,2151 

15 43 



5,745.4 

62.97 



3 

4,306.9 

54.70 

425 

5.40 

1,086.5 j 

13.75 

103.2 1 

1.31 

5 , 698,6 

72.37 , 

818.9 

10.40 

4 

3,304.9 

41.93 

307.5 

3.91 

889.8 ■ 

11.30 


1.28 

4,779.8 

60.7 

818.9 

10.40 

5 

•2,734.9 

34.73 

269.0 

3.41 

846.6 

10.75 


1.08 

4,122.9 

52,36 

800.9 

10.17 

6 * 

2,276.9 ! 

28,92 

240.0 1 

3.05 

652.3 

8.28 


.... 

3,829.8 

48.64 

828.9 

10.53 

8 

1,771.9 

22.50 1 

173.7 

2.11 

664.5 

8.44 

66.2 

’ 0.84 

3,242.9 

41.19 

811.4 

10.30 

10 

1,468.9 

18.66 

149.0 

1.89 

608.4 

7.73 


.... 

2,833.7 

36.99 

806.9 

10.25 

12 

1,266.9 

16.09 


.... 

575.2 

7.31 


.... 

2,553.2 

32.42 

773.9 

9.83 

15 

1,098.9 

13.96 


.... 

521.2 

6.62 

61.2 

0.78 


29.32 

744.9 

9.46 

20 

989.9 

12.57 


.... 

469.5 

j 5.95 


.... 

2,062.7 

26.1 

761.9 

9.58 

30 

688.9 

8.75 


.... 

467.7 

5.84 

- 

.... 

770.9 

9.79 

* 



* Value for water alone, as in the determination of the gas alone, the leaflets of the fontactoscope fell 
together and the reading could not be carried on further. 


EXPLANATION TO TABLE 4 

12. Field test carried out immediately at the spring, avoiding any loss of emanation, -d i, 

13. Water collected under all precautions, but examined at the radiological laboratory at the Batn-nouse 

after about minutes had passed until the first reading could be made; a considerable difference in 

the readings is noticed. Added to this must be the time of shaking the tank, the charge of 

with positive electricity (beta-rays). The first reading in No. 13 resembles that made 6 minutes alter tne 
beginning of Experiment 12. . . ^ 

14. Determination of gas absorbed directly over the spring; about 2,000 c.c. gas with 1,020 c.c. wa 
contained in the tank (values for gas and tank water combined). 

15. Radio-activity in dry residue from mineral water, 1,000 c.c. ^ r a ^ ^nn t-r 

16. Emanation collected from 1,000 c.c, of mineral water after heating. 1,785 c.c. or gas ana i,xuu 

of remaining tank water (values combined from both determinations.) ^ , 

17. Magnesia Spring determination of gas radio-activity alone, showing always a smaller a o 
found in the tank water (compare with No. 16).* 


DISCUSSION OF RESULTS 

With regard to the frequency of radio-activity in water and the 
recommendation of such waters for therapeutic purposes, where the 
content of radio-active substances is small in waters having any action 


22. Curie, P., and Laborde, cited by Engler and Sieveking (Footnote 21). 
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whatsoever, von Noorden’s suggestion is justified, i. e., a classification 
of such springs as follows ; 

1. Weak radio-active waters containing between 25 and 50 Mache units per 
liter and per hour (1,250 to 2,500 X 10'^^ gram radium). 

2. Medium radio-active waters, from 50 to 100 Mache units per liter and 
per hour (2,500 to 5,000 X 10'“ gram radium). 

3. Strong radio-active waters, from over 100 Mache units per liter and per 
hour or over (5,000 X 10'“ gram radium). 


TABLE 5. — Tests of Healing Springs. Temperature 87 F. 


Time 

Min. 

18 

19 

20 

21 

' 22 

* 23 







Volts 

' M. U. 

Volts j 

M. U. j 

Volts 

M. U. 


5,482 

69.62 

543.9 

6.91 

BB 


276.6 

3.51 


1 

1 

6,332,2 

80.42 

1 

3,982 

50.57 

397.3 

5.04 

259.4 

3.29 

126.6 

1.61 j 

1,050.0 , 

13.33 1 

4,096.4 

52.03 


3,522 

44.73 

260.8 

3.32 









2 

2,902 

36.87 



99.4 

1.26 

111.6 

1.42 ‘ 

681.9 

8.71 

2,335.2 

29.66 


2,506 

1 31.83 

254.5 

3,23 





518.2 1 

6.58 



3 

2,262 

28.73 

250.3 

3.18 

159.4 

2.02 

66.6 

0.84 

542.5 

6.89 i 

1,953.8 

24.81 

4 

1,905 

23.71 

182.0 

2.31 

174.4 

1 2.21 

66.6 

0.84 

331.6 

4.21 

1,549.4 

19.68 

5 

1,534 

19.48 

172.6 

2.09 

195.4 

2.47 


1 

432.9 

5.50 

1,305.2 

16.58 

6 

1,322 

16.79 

139.5 

1.80 

139.5 

1.80 ■ 

66.6 : 

0.84 

390.5 

4.96 



8 

1,102 

14.00 

102.3 

1.30 


1 



142.8 ! 

1.70 1 

832.4 

10.57 

10 

952 

12.09 

71.4 

0.89 

141.4 

1.80 

54.6 

0.69 

351.0 

4.56 

1 

811.0 

10.30 

12 













15 

674 

8.56 

48.4 

0.61 

103.4 

1.31 

56.6 

0.72 


■jjjjB 



20 

550 

6.99 

46.4 

0.59 

99.4 

.1.26 





30 

424 

5.38 








HI 




EXPLANATION TO TABLE 5 

18. Field test immediately at the spring, 

19. Sample of water taken to the laboratory at Hot Springs under observation of all precautions (lapse 
of time about one hour; return by automobile). A great difference will be noticed between Nos. 18 and 19. 

20. Sample of water determined next day, still radio-active but less than previously. 

21. Radio-activity of dry residue obtained by slow evaporation of 1,000 c.c. of mineral water. 

22. Gas determination collected right over reservoir; a thunderstorm and dampness interfered with 
the test, so only emanation as absorbed in the tank could be ascertained. 

23. Dissolved emanation driven out by heat from one liter of water (gas and tank water radio-activity 
combined) . 

Our results compare favorably with the reports of Boltwood^^ 
from Hot Springs, Ark., and with those of Schlundt and Moore^® 
from Yellowstone Park. Boltwood examined the waters five to six 
days after they had been collected and from his figures he calculates 
the initial radio-activity, based on the loss of activity, a radio-active 
solution must show after a given lapse of days. Although we have to 
deal with a theoretical value, which may differ from the radio-activity 
found immediately at the spring itself. Magnesia Spring (280 'M. U.) 


12. Boltwood: Am. Jour. Sc., 1905, xx, 128. 
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compares favorably with Boltwood’s spring 70 C. (265.6 M. U.). In 
considering only the emanation as contained in the water, we deter- 
mined quite a number of strong radio-active springs at Hot Springs, 
Va. ; namely; Open well (156.6 M. U. ; Thermalwater (112.5 M. U.) ; 
Swimming pool (109.27 M. U.) ; Hot Sulphur Springs (101.86 M. U.). 
In Hot Springs, Ark., only one other spring, 74 D., is marked with 
106.8 M. U. 


TABLE 6. — Tests of Warm Springs. Temperature 97.0 F. 


Time 

Min. 

24 

25 

26 

27 

28 

Volts 

M. U. 

Volts 

M. U. 

Volts 

M. U. 

Volts 

M. U. 

Volts 

M. U. 

% 

7,537.4 

95.73 

1,001.4 

12.72 

2,551.9 

32.41 

11,533.1 

146.47 

462.0 

5.87 

1 

6,517.4 

82.77 

641.4 

8.13 

1,118.0 

14.2 

5,732.1 

72.90 

312.0 

3.96 

1^2 

5,397.4 

69.55 

421.4 

5.35 

853.0 ' 

10.83 

4,747.1 

60.29 

202.0 

2.56 

2 

4,297.4 

54.58 

371.4 

4.72 

793.5 

10.08 

5,513.6 

70.02 

252.0 

3.20 


' 3,745.4 

47.57 


.... 

598.4 

7.60 

4,636.8 

58.89 

198.0 

2.51 

3 

3,297.4 

41.88 

241.4 

3.07 ' 

592.6 

7.53 

4,404.8 

55.94 

202.0 

2.56 

4 

2.467.4 

31.34 

213.9 

2.72 

375.7 

4.77 

3,866.6 

49.11 

192.0 

2.44 

5 

2,077.4 

26.38 

167.4 

2.13 

345.3 

4.40 ! 

3,066.9 

26.25 

192.0 

2.44 

6 

1,767.4 

22.45 


.... 

286.3 

3.62 

1,837.6 

23.90 

177.0 

2.25 

8 

1,424.9 

18.10 

j 


203.1 

2.58 

1,696.9 

21.55 

154.5 

1.96 

10 

1,189.4 

16.11 

98.4 


140.1 

1.78 

1,468.8 

18.65 

129.0 

1.64 

12 

1,027.4 

13.05 j 



187.1 

2.38 

1,880.7 

23.88 


.... 

15 

853.4 

10.83 

69.4 

0.75 

94.4 

1.20 

' 2,280.9 

16.27 

102.0 

1.29 

20 

661.4 

8.41 

53.4 

0.68 

102.8 

1.31 

1,037.24 

13.17 


.... 

SO 

487.4 

5.19 


.... 


.... 




.... 


EXPLANATION TO TABLE 6 

24. Radio-activity for 1,000 c.c. per one hour carried out at the brim of the swimming-pool. ^ 

25. Collected^ under all precautions and taken to the laboratory at Hot Springs; examination 

early next morning. Similar to the experience at Healing Springs; a considerable difference between 
Tests 24 and 25 will be noticed. . - » * f 

26. Radio-activity of gas escaping from pool in 2,020 c.c. of gas mixture and in remaining tank water 
(476 c.c.) tank air (values combined). The test could be continued for only 20 minutes on account o 
meteorological conditions; beginning thunderstorm and excessive humidity, causing discharge oi leanets. 

27. Dissolved emanation obtained by boiling 1,000 c.c. of pool-water, tested in 1,900 c.c. oi 
1,000 c.c. of tank water, both values combined. Leaflets of electroscope separate only slowly;, sma 
amount of emanation in air; moist atmosphere, previous to thunderstorm; a high normal loss oi lonizaiio 
for the air; the results are relatively low as compared with more favorable weather conditions. 

28. Radio-activity of dry sediment from 1,000 c.c. of mineral water from swimming pool. 

N, B. — In the tables above the figures for the radio-activity expressed in Mache units contain on y 
two decimals, whilst in the original computation five to six decimals are quoted. 

Five .springs in Hot Springs and Warm Springs and Healing 
Springs belong to the medium strong radio-active waters, namely. 
Warm Springs, 95.72 M. U. ; Open Spring, 92.63 M. U. ; Boiler Spring, 

86.54 M. U. ; Healing Springs, 69.621 M. U. ; Soda Spring, 64.53 M. U. 

In Hot Springs, Ark., we find three springs, namely, 63 B, 97.3 
M. U. ; 35 A, 65.4 M. U., and 36 A, 54.8 M. U. In Hot Springs, Va., 
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two spas carry a weak emanation, that is, Clubhouse (Casino) Spring, 
33.16 M. U., and Cold Spring, 31.69 M. U. 

In Hot Springs, Ark., the weak springs are more numerous, 
namely, 30 A, 49 M. U. ; 39 A, 41.6 M. U. ; 69 C, 40 M. U. ; 26 A, 31.9 
M. U. ; 66 C, 30.5 M. U. ; 34 A, 29.3 M. U. ; 32 A, 28.9 M. U. ; 64 C 
and 68 C, 26.1 M. U. 


TABLE 7. — Tests of Swimming-Pool at Hot Springs. Temperature 81.5 F. 


Time 

Min. 

29 

30 

31 

Volts 

M. U. 

Volts 

M. U. 

j 

Volts 

M. U. 

% 

8,604.2 

109.27 

4,654.4 

59.11 

3,949.8 

50.16 

1 

7,164.2 

90.98 

3,274.4 

41.58 

3,887.8 

49.40 

1% 

5,644.2 

71.63 

3,014.4 

38.28 

2,629.8 

33.40 

2 

4,884.2 

62.03 

28,884.4 

36.91 

1,999.8 

25.12 

2% 

4,212.2 

53.49 

2,398.4 

30.56 

1,813.8 

23.04 

3 1 

3,784.2 

40.06 

2,194.4 

27.87 

1,589.8 

12.19 

4 

3,099.2 

39.36 

1,849.4 

23.49 

1,249.8 

15.87 

5 

2,568.2 

32.61 

1,606.4 

20.30 

961.8 

12.31 

6 

2,224.2 

28.25 

1,364.4 

17,33 

859.8 

10.92 

8 

1,794.2 

22.79 

1,129.4 

14,34 

664.8 

8.44 

10 

1,494.2 

18.98 

1,048.4 

13.32 

1 445.8 

5.66 

12 

1,294.2 

16.43 

914.4 

11.61 

i 379.8 

4.82 

15 

1,140.2 

14.48 i 

842.4 

10.69 

297.8 

3.78 

20 

930.2 

11.81 

* 



.... 

30 

730.2 

9.27 




.... 


* Apparatus discharged^ automatically (so probably the water remaining in the swim- 
ming-pool would lose in activity as shown by comparison between inflow 471,698,103.925 and 
outflow 189,869,380.76=281,828,272.265 Mache units through a surface of 234.6975 m^. Com- 
pared with this the swimming-pool for men at Warm Springs, corresponding to a radius of 
20 feet (6 meters), and a depth of 6 feet (1,8 meters), corresponding to a cubic content 205,- 
555.032 liters at 134 Mache units 27,544,374.288 Mache units. In that instance the outflow 
could not be measured on account of the inaccessibility of the outflow. 

EXPLANATION TO TABLE 7 

Probable loss in emanation per 1,000 c.c. as difference from inflow and outflow per hour, 
45.9 per cent. (1 minute reading, maximal value). Measurements of swimming-pool 85.5x30.5 
feet, with depth (inclined) from 3 feet 9 inches to 7 feet, or in metric square surface, 
234.6975 m-. Cubic measure, 43,714.6875 cubic meters, or 43,174,687.5 liters. The maximal 
radio-activity would amount to 471,698,103.025 Mache units. The outflow contains as 
maximal value, 50.1625 Mache units, 

29. Radio-activity of inflow to swimming-pool, test carried out immediately at the pool, 
per 1,000 c.c. and per hour. 

30. Outflow per one hour and 1,000 c.c. The readings could only be made for fifteen 
minutes, as then the surrounding air charged with emanation, caused the leaflets of the 
instrument to collapse. 

31. Difference between inflow and outflow per 1,000 c.c. of water and one hour, con- 
tinued for fifteen minutes only, due to the cause stated above. 


Three springs in Hot Springs are below 25 M. U., namely, 102° T. 
Spring with 15.79 M. U. ; Spout Spring, 16.55 M. U., and Octagon 
Spring, 4.88 M. U. Thirty-two springs in Hot Springs, Ark., and 
all the springs recorded by Schlundt and Moore in Yellowstone Park 
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must be considered, as very weak radio-active waters. So far as known 
no quantitative analyses of Saratoga Springs nor of White Sulphur 
Springs have been published. 

The waters of Hot Springs, Va., compare favorably with European 
springs (Sommer-'^). Among the strongest radio-active springs of the 
world are Brambach (1,950 M. U.) ; Joachimsthal (Wernerlaufstollen, 
600 M. U.) ; Lacco Ameno (Ischia, 325 M. U.) ; Hot Springs, Ark., 
70 C. (265 M. U.), and Magnesia Springs, Hot Springs, Va. (260.9 
M. U.). The Open Well at Hot Springs, Va. (156.6 M. U.) compares 
with Gastein Grabenbackerquella (155.9 M. U.), Thermalwater, Swim- 
ming Pool, Hot Sulphur Springs, Warm Springs, Open Spring, are a 
little lower than Landeck (Silesia) 119.8 M. U.)'and higher than the 
spas of Carlsbad. Boiler Spring can be compared with Gastein ( Chor- 
inskiquelle, ndrdlich, Stollen 85.8 M. U.), Healing Springs with 
Gastein, Rudolphsstollen (68.8 M. U.) ; also Soda Spring (64.53 M. U.) 
with Gastein, Franz Josephs Stollen, Hinter Quelle. The Clubhouse 
Spring and Cold Spring of Hot Springs, Va., are a little higher than- 
Carlsbad Miihlbrunnen, and Gastein Doctorquelle higher than Kreuz- 
nach (27.9 M. U.) and Nauheim (25.4 M. U.). 

If we take into account the gas escape, the value of these mineral 
waters is necessarily increased, so that in bath-rooms where the atmos- 
phere is necessarily loaded wdth emanation the patient must of course 
be benefited by such a combination. In some instances the radio- 
activity of the gas seems more considerable than that found in the 
water (Octagon Spring 102 T. Spring). The water applied in full 
• baths owing to its radio-activity, must enforce the thermic action, and,- 
as seen from the tables, the emanation so administered equals 4-56,000 
M. U., which are doses that are usually expected from the higher radio- 
active European spas. If we use in our technic for the determination 
of the radio-activity of mineral waters the violent shaking of the water 
in the tank in order to free the emanation from the fluid, if, further, 
we know that the spraying of these waters against any obstacle also 
sets free the emanation, theoretically it may be presumed that half- 
baths, showers in any form with the mineral waters used at the bath- 
house set free a considerable amount of emanation, which, besides the 
stimulating effect on the nerves and vessels of the skin, must be inhaled 
by the patient. Our personal observation and experience on patients 
demonstrated the overstimulation of too violent procedures, which 
undesirable effects required several days to disappear. 

Attention may be directed toward the favorable combination treat- 
ment in the pools at W^arm Springs, where several millions of Mache 
units are contained in the water (corresponding to about 13 mg. of 

24. Sommer: Emanation and Emanationstherapie, Radioactivitat d. Heil- 
quellen. 
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radium), and in the swimming-pool in the bath-house at Hot Springs 

■ (with about 407 millions M. U., corresponding to about 203 mg. of 
radium) . To the thermic action of the water is added the necessity to 
move, to swim, the continuous emanation escaping from the large 
surface of water, which the patient with his mouth close to the surface 
of the water must necessarily inhale. So far as could be learned, the 
patient seems to derive more rapid and more lasting benefit from the 
swimming-pool treatment. Although there seems to be present in most 
of the mineral waters examined a small amount of radio-active sedi- 
ment, our observations emphasize the fact that the mineral waters to 
exert their beneficial effect must be consumed right at the spring, and 
that without incurring any loss of time or loss of emanation. Further, 
a number of observations have indicated that the air surrounding the 
different mineral springs contains emanation, so practically the patients 
are continuously exposed to such a natural emanatorium, which, dur- 
ing long periods of time, must contribute to the final therapeutic result. 

In our study no qualitative tests were carried out to ascertain the 
presence of the rarer gases, helium, actinium, nor thorium emanation. 
From the curves, however, it would seem that the continuous and rapid 
fall of the leaflets of the electroscope speaks in favor of more thorium 
than radium emanation.. For this reason it would be advisable to use 
the water as fresh as possible for drinking purposes. To judge from 
the temperature of the water and from its radio-activity, there is no 
relationship to be ascertained, nor would the chemical analysis allow 
any deductions, as to the relation between a definite amount of chem- 
ical constituents in solution and the amount of radio-active substances 
found. 

Just as for the European spas, the high amount of radio-activity 
found in the spas of Carlsbad, Gastein, etc., explained to a certain 
extent the favorable therapeutic results in gout, chronic and subacute 
rheumatism and in metabolic diseases, we may infer also that for Hot 
Springs the high radio-activity of its waters must contribute to the 
favorable results observed in these diseases. The remarkable improve- 
ment in certain skin diseases observed at Hot Springs is not explained 
by the chemical composition only; here, too, we must attribute some 
effect to the radio-emanation, for the expression ‘^eliminative effect” 
can only be rational if these radio-active waters are taken internally; 

■ but we have observed cures of various cutaneous disorders from the 
exclusive external use of the waters. With regard to the indications 
and contra-indications of radiotherapy in medicine, we refer to our 
paper.-® 


25. Zueblin, E. : The Present Status of Radioactive Therapy in Medicine 
Maryland Med. Jour., 1914, No. 5; ibid, 1914, No. 6. 



A STUDY OF DIFFERENT NITROGENOUS DIETS IN 

CHRONIC NEPHRITIS* 

CHANNING FROTHINGHAM, JR., M.D., and WILSON G. SMILLIE, M.D. 

BOSTON 

The object of this study has been to note the effect of diets con- 
taining different amounts of nitrogen on cases of chronic nephritis. 
To study this effect, attention has been paid especially to the different 
tests devised in recent years to show renal function, to the blood- 
pressure, and to the general condition of the patient. 

Many articles have appeared in medical literature Concerning the 
value and effects of different types of diets in chronic nephritis. No 
attempt will be made to review those articles which deal with the effect 
of diets on the general condition of the patient, nor shall we take up 
the literature which deals with the effect of diets in which other food 
elements than the nitrogen have been varied. In a study on nephritis 
in 1905 WidaF and Javal among other points showed that the urea of 
the blood became elevated in certain types of chronic nephritis when 
increased nitrogen in the food was consumed, or when urea was added 
to the diet. In 1913 GoodalP declared that the blood-pressure fell in 
chronic nephritis when the patients were placed on a low protein diet. 
In one case he found the non-protein nitrogen of the blood low after 
the low diet, and concluded that the general condition and blood- 
pressure were dependent on the presence of the end-products of pro- • 
tein metabolism in the blood. Seymour^ in 1913, and Folin, Denis and 
Seymour^ in 1914 reported on cases of chronic nephritis given diets 
containing average, high, and low amounts of protein. No accurate 
record was mentioned of the amount of the diet refused by the 
patient. They found that the patients on the high diet did not seem 
so well, and that the non-protein nitrogen of the blood could be 
increased or lowered by the diet. They found no relation between 
the blood-pressure and the nitrogen retention and no relation between 

* Submitted for publication July 18, 1914. 

* From the Department of Medicine, Harvard University, and the Medical 
Clinic of the Peter Bent Brigham Hospital. 

1. Widal: La Semaine med., 1905, xxv, 313. 

2. Goodall : Boston Med. and Surg. Jour., 1913, clxviii, 761. 

3. Seymour: Boston Med. and Surg. Jour., 1913, clxix, 795. 

4. Folin, Otto, Denis, W., and Seymour, Malcolm: The Non-Protein Nitrog- 
enous Constituents of the Blood in Chronic Vascular Nephritis (Arterio- 
sclerosis) as Influenced by the Level of Protein Metabolism, The Archiv'es Int. 
Med., 1914, xiii, 224. 
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the phenolsulphonephthalein elimination and the non-protein nitrogen 
of the blood when the latter was varied by the diet. 

The numerous observations from which this paper is compiled were 
made for the most part by one or the other of us. In some instances, 
however, the records of the Peter Bent Brigham Hospital were used. 
During the time the work was in progress frequent comparisons were 
made between our figures and those of the hospital physicians, so that 
we feel no hesitancy in using their figures when it is necessary. 

Any one who has worked on a problem quantitatively in a general 
hospital will realize the possibilities of error that readily creep in. 
Careful supervision of the work in these experiments makes us feel 
that although an occasional error may have produced some unexpected 
result, the figures as a whole are relatively accurate. Of course, we 
should not draw any conclusions from a single observation in this kind 
of work. 

For these studies three different types of diets were selected. They 
all contained as nearly as possible the same number of calories and the 
same amount of sodium chlorid. In addition to the salt in the food 
enough was added in the cooking to bring the total up to approximately 
4 gm. a day in each diet. One diet, called the standard nephritic diet, 
contained about 73 gm. of protein daily. Another, called the high 
protein contained about 149 gm. of protein daily, and the third, called 
the low protein diet, contained about 26 gm. of protein daily. 

For our estimations it was assumed that if the amount of protein 
was divided by 6.5 the result would show the number of grams of 
nitrogen. Thus the high protein diet contained practically 23 gm. of 
nitrogen, the standard diet 11.2 gm., and the low protein about 4 gm. 
of nitrogen daily. 

The hospital dietitian. Miss McCollough, spent considerable time 
in endeavoring to make up meals which contained these amounts of 
protein and sodium chlorid in the twenty-four hours, and which would 
be palatable and variable from day to day. We take pleasure in this 
opportunity to extend to her our thanks. The figures for values of 
raw food were taken from the United States government bulletin, for 
cooked food from Locke’s^ tables. In the high protein diet it was 
necessary to increase the caloric value from the usual 2,100 to 2,600 
in order to make the meals palatable. 

As many of the studies could not be carried out completely owing 
to the patients leaving the hospital or to other causes, we shall have to 
report some cases in which only certain points have been brought out. 
The plan followed when possible consisted in letting the patient rest 
for a few days after entrance to the hospital on a simple light diet. 

^ — - . ‘a**.* 4 

5. Locke: Food Values, D. Appleton>& Co., 1911. ' 
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After the patient had become used to the new surroundings, the stand- 
ard nephritic diet was started and an accurate record kept of the 
amount of protein eaten at each meal. While the patient was on the 
standard nephritic diet, on one day 10 gm. of sodium chlorid, on 
another 20 gm. of urea were added to the diet, in order to study the 
ability of the kidneys to excrete those substances. WidaP has divided 
nephritis recently into those cases which are unable primarily to 
excrete sodium chlorid and those that are unable to excrete non-protein 
nitrogen. Schlayer’^ and Monakow® have suggested the foregoing two 
tests to show the kidneys’ ability in regard to salt and nitrogen. 

After the patient had been on the standard nephritic diet for a few 
days the amount of non-protein nitrogen in the blood was determined 
and the phenolsulphonephthalein excretion test done. The patient then 
was placed on the high protein diet for a few days and these two tests 
repeated, then on the low protein diet for a similar period and the tests 
were done again. The amount of fluid intake and output was recorded 
as was also the specific gravity of the urine. The amount of nitrogen 
and salt excretion during many of the experiments was studied 
throughout, while in others only in part. Blood-pressure observations 
were made from time to time. 

The amount of the non-protein nitrogen in the blood and the power 
to excrete phenolsulphonephthalein were taken as the two most com- 
prehensive single tests for renal function at the present time. Recent 
work on these tests by us® has shown that the two tests in general 
parallel each other, although there may be considerable variation in 
the phenolsulphonephthalein excretion because of passive congestion 
or other unknown causes, in cases in which the blood nitrogen remains 
constant. Our feeling is that the amount of non-protein nitrogen in 
the blood is slightly the more reliable test of the two. By the methods 
used for determinations the normal amount of non-protein nitrogen in 
the blood is between 20 and 30 mg. per hundred c.c. The normal 
excretion of phenolsulphonephthalein in two hours is more variable, 
but roughly from 50 to 70 per cent. 

The following methods were used for making the different deter- 
minations, and references are given to the description of the technic 
by the originators of the tests. As no modifications were employed, 
we shall not give a description of the technic. For determinations of 
the non-protein nitrogen of the blood we used the Folin and Denis^® 

6. Widal: Mouvement med., 1913, i, 1. . , , mu t 

7. Schlayer and Takayasu: Deutsch. Arch. f. klin. Med., 1910-1911, cl, J <5. 

S. Monakow: Deutsch. Arch. f. klin. Med., 1911, cii, 248. _ 

9. Frothinghara and Smillie: The Archives Int. Med., 1914, xiv, 541. 

10. Folin and Denis : Jour. Biol. Chem., 1912, xi, 527. 
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method. The method originally described by Rowntree and Geraghty’-’- 
for the elimination of phenolsulphonephthalein was used. The nitro- 
gen in the urine was determined by the method devised by Folin and 
Farmer/- and the sodium chlorid by the method suggested by Harvey.^® 
It seems most satisfactory to present the data on the individual 
cases in the form of tables and follow each table by a short description 


TABLE 1. — Data of Patient 1078 


Date 

Fluid , 
Intake 

c.c. 

Urine 

Nitrogen 

NaCl 

Mg. N. 
per 100 
c.c. Blood 

Per 

Cent. 

Phthalein 

— 

Bloo( 

Pres 

sure 

24-Hr. 

Amount 

c.c. 

Specific 

Grav- 

ity 

Intake 

gm. 

Output 

gm. 

Intake 

gm. 

Output 

gm. 

May 











12 

1,500 

985 

1.016 


7.6 

4.0 

2.8 

20.0 

54 

128- } 

13 

1,350 

1,200 

1.012 

11.2 

7.5 

14.0 

2.5 

.... 

. . 

145- < 

14 

1,500 

730 

1.016 

11.2 

6.5 

4.0 

3.6 




IS 

1,360 

1,470 

1.012 

11.2 

9.0 

4.0 

2.6 

.... 

. . 

150-1^ 

16 

1,375 

1,040 

1.016 

11.2 

8.3 

4.0 

2.4 




17 

1,635 

1,440 

1.013 

21.2 

10.5 

4.0 

2.6 




18 

1,590 

1,260 

1.013 

11.2 

8.0 

4.0 

2.4 




19 

1,610 

900 

1.016 

11.2 

7.6 

4.0 

2.1 

.... 

, , 

130- ? 







10 KCl 




I 

20 

1,580 

1,190 

1.014 

11.2 

8.0 

14.0 

3.4 




21 

1,510 

1,670 

1.011 

11.2 

8.2 

4.0 

4.0 




22 

1,505 

1,440 

1.013 

11.2 

8.6 

4.0 

3.4 

35.2 

, , 

[ 

23 

1,500 

1,360 

1.016 


12.8 

4.0 

2.4 

* • ■ . 

, , 

120- E 

24 

1,500 

1,640 

1.018 


17.7 

4.0 

2.1 



1 \ 

25 

1,500 

800 

1.023 


12.9 

4.0 

0.8 



\ 

26 

1,500 

900 

1.028 


15.5 

4.0 

1.2 

.... 

• • 

120- E 

27 

1,500 

960 

1.024 


18.6 

4.0 

2.2 

45.0 


! 

28 

1,500 

1,130 

1.022 


20.3 

4.0 

3.3 




29 

1,500 

840 

1.023 

17.5 

14.3 

4.0 

1.7 




30 

1,500 

940 

1.025 


11.6 

4.0 

1.2 

... * 


125- E 

31 

1,530 

900 . 

1.014 

4.0 

6.2 

4.0 

2.6 




June 











1 

1,130 

400+ 

1.016 

4.0 

3.7+ 

4.0 

0.9+ 1 

! 



2 

1,500 

1,115 

1.013 

4.0 

6.4 

4.0 

2.0 

.... 

48 

130- E 

3 

1,500 

910 

1.013 

4.0 

5.6 

4.0 

2.1 

26.7 



4 

1,390 

835 

1.013 

14.0 

6.1 

4.0 

1.9 



i 

5 

1,350 

1,265 

1.014 

14.0 

10.9 

4.0 

3.3 



' i 

6 

1,520 

1,565 

1.011 

14.0 

12.1 

4.0 

3.3 




125- / 

7 

1,320 

890 

1.015 

14.0 

10.1 

4.0 

3.2 




8 

1,305 

990 

1.020 

4.0 

4.6 

4.0 

2.8 

31.2 




of the points of interest in that individual case, or by any comments 
that seemed appropriate. Following the presentation of the individual 
cases we shall give a summary of the cases taken as a whole to see 
what conclusions may be drawn. 

11. Rowntree and Geraghty: Jour. Pharmacol, and Exper. Therap., 1910, i, 579. 

12. Folin and Farmer; Jour. Biol. Chem., 1912, xi, 493. 

13. Harvey, S. C. ; The Quantitative Determination of the Chlorids in the 
Urine, The Archives Int. Med., 1910, vi, 12. 
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The numbers used are the medical record numbers at the Peter 
Bent Brigham Hospital. The figures in italic in the nitrogen and salt 
columns signify the days on which the sodium chlorid and urea were 
added to the diet. 

The first group of six cases (Tables 1-6, Chart 1) show types of 
nephritis which were unable to put out well added salt and urea. They 
fall into two groups : one in which the blood nitrogen varies with the 


^Lc.>u, 
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Chart 1. — Data of Patient 1078. 


diet, the other in which the blood nitrogen rises despite a low protein 
diet. 

Patient 1078 had cirrhosis of the liver with ascites in addition to a 
chronic nephritis. Salt and urea when added to the diet were excreted 
poorly. On both the standard and high protein diet the nitrogen excre- 
tion was less than the intake. The non-protein nitrogen of the blood 
rose steadily on both these diets and fell again on the low protein diet. 
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On June 4 for four successive days 20 gm. of urea were added to the 
low protein diet with a slight rise in the blood nitrogen. Only two 
phenolsulphonephthalein observations were made during this study, 
and they were practically the same. The blood-pressure did not show 
any appreciable changes with these variations in diet. On the high 
protein diet the patient did not feel as well as when on the other diets 
and had slight nausea. Ten gm. of potassium chlorid were not excreted 
any more readily than the sodium chlorid. 


« 

TABLE 2. — Data of Patient 624 


Date 

Fluid 

Intake 

c.c. 

Urine 

• Nitrogen 

NaCl 

Mg. N. 
per 100 
c.c. Blood 

Per 

Cent. 

Phthalein 

Bloo 

Pref 

sure 

24-Hr. 

Amount 

c.c. 

Specific 

Grav- 

ity 

Intake 

gm. 

Output 

gm. 

Intake 

gm. 

Output 

gm. 

Dec. 











17 




• • • • 

• • • • 


8.4 




18 






• • « • 


10.8 




19 





• # • # 


11.4 

.... 

, , 

230-1 

20 




11.2 

11.6 

14.0 

8.9 




21 

■RnnB 



11.2 

11.7 

4.0 

6.7 




22 




11.2 

11.0 

4.0 

5.7 

25.4 

45 

225-1 

23 

1,300 

900 


11.2 

14.2 

4.0 





24 

1,250 

1.100 


11.2 

12.7 

4.0 



.... 

. . 

215-1 

25 

1,300 



23.0 

18.1 

4.0 





26 1 

1,150 



23.0 

16.2 

4.0 





27 

1,410 

1,200 


33.0 

20.1 

4.0 


1 



28 

1,350 

1,450 


23.0 

19.2 

4.0 





29 

1,700 

1,300 


23.0 

18.1 

4.0 



312 

50 

210-1 

30 

1,500 

1,150 


23.0 

Lost 

4.0 





31 

1,300 

1,500 

1.022 

23.0 

23.3 

4.0 



, , 

215-1 

Jan. 










1 

950 

1,300 


23.0 

24.0 

4.0 





2 


1,450 


11.2 

11.2 

4.0 

1 

36.5 


220-1 

3 


850 

1022 

11.2 

13.0 

4.0 





4 


1,100 


11.2 

12.5 

4.0 





S 


1,050 


11.2 

11.0 

4.0 






210-1 

6 


1,450 

1.022 

11.2 

10.0 

4.0 





7 


1,100 


4.0 

9.0 

4.0 

1 

28.5 

50 


8 


1,000 


4.0 

7.2 

4.0 






210-1 

9 


750 

1.010 

4.0 

5.5 

4.0 






10 

m 

1,450 


40 

... 


.... ^ 

21.1 

54 



The data in this case are recorded also in Chart 1 in order to show 
the points more graphically. 

In Case 624 accurate observations on the amount of the diet refused 
by the patient were not kept. Therefore we record under “intake” the 
amount offered. Observation in a general way made it evident that 
the major part of the diet was eaten. In this study the nitrogen excre- 
tion surpassed the intake on the days of standard diet and on some of 
the days of high protein diet. No explanation is offered for this. In 
this case as in the preceding one the non-protein nitrogen of the blood 
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rose with the high protein diet and fell with the diet poor in nitrogen- 
ous content. Also, there was no appreciable variation in the phenol- 
sulphonephthalein output or blood-pressure during these observations. 
The patient had very few subjective symptoms, and no change was 
noted in them during the period of study. 

Patient 1197 had very few subjective symptoms from the chronic 
nephritis except slight dyspnea on exertion and headaches. This case 
showed a poor ability of the kidneys to put out salt and urea when 


TABLE 3. — Data of Patient 1197 


Date 

Fluid 
Intake 
, c.c. 

Urine 

Nitrogen 

NaCl 

Mg. N. 
per 100 
c.c. Blood 

Per 

Cent. 

Phthalein 

Blood 

Pres- 

sure 

24-Hr. 

Amount 

c.c. 

Specific 

Grav- 

ity 

Intake 

gm. 

Output 

gm. 

Intake 

gm. 

Output 

gm. 

May 
, 16 

1,175 

240+ 

1.019 

11.2 

2.3+ 

4.0 

i 

1.0+ 

39.0 

54 

225-135 

17 

1,970 

800 

1.019 

11.2 

9.9 

4.0 

1.5 




■ 18 

1,185 

855 

1.019 

11.2 

9.1 

14.0 

2.0 

1 

. . 

210-130 

i 19 

1,940 

1,160 

1.018 

11.2 

13.6 

4.0 

3.2 



230-140 

•, 20 

1,860 

1,100 

1.015 

21.2 

13.9 

4.0 

2.4 



21 

1,430 

1,180 

1.018 

11.2 

13.7 

4.0 

2.0 




. ?2 

1,730 

1,020 

1.016 

11.2 

10.2 

4.0 

1.1 

.... 


215"Uu 

. 23 

1,865 

1,015 

1.016 

11.2 

9.0 

4.0 

0.6 

43.1 

50 

I on 

i 24 

990 

1,450 

1.012 

11.2 

12.8 

4.0 

1.2 

.... 









KCl 10 





25 

1,365 

1,305 

1.016 

6.7 

10.9 

14.0 

3.2 




26 

1,465 

950 

1.016 

11.2 

10.6 

4.0 

1.4 



1 n t 1 1 n 

27 

2,305 

950 

1.017 

11.2 

10.6 

4.0 

1.2 

.... 


195-llU 

, 28 

2,356 

1,070 

1.018 

17.8 

13.0 

2.5 

2.3 



1 *70 

29 

1,940 

1,220 

1.015 

19.8 

13.5 

3.0 

2.5 



I/O- yo 

• 30 

1,940 

1,536 

1.015 

23.0 

16.1 

4.0 

3.2 




, 31 

1,850 

1,275 

1.017 

22.5 

13.1 

4.0 

4.1 




June 

1 

1,800 

1,320 

1.014 

20.5 

Lost 

3.5 

Lost 

39.6 


] 80-100 

2 

1,760 

1,600 

1.011 

7.0 

10.6 

4.0 

4.5 




3 

1,640 

450 

1.016 

4.0 

4.5 

4.0 

1.0 




4 

1,640 

560+ 


4.0 

Lost 

4.0 

Lost 



1 on 

i 5 

X 

1,630 

410+ 

1.010 

3.6 

3.0+ 

3.8 

1.3+ 

25.9 


I/O- 


added to the diet. The blood nitrogen was high to begin with and 
remained elevated on the standard diet and the high protein diet, which 
were only fairly well eaten. On the low protein diet, however, the 
non-protein nitrogen of the blood very rapidly fell to normal. The 
blood-pressure in this case, with rest in the hospital and apparently 
irrespective of diet, fell steadily during this period of study. Only two 
phenolsulphonephthalein observations were made early in the study, 
and they showed no variation. The general condition of the patient 
varied very little Avith the change of diets, but showed a gradual 
improvement throughout her stay in the hospital. 
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Case 739, of chronic nephritis with slight subjective symptoms of 
hypertension, showed fair ability to put out added salt, but very little 
ability to put out added urea. Although the urinary nitrogen was fairly 
well excreted on the standard diet there was a sharp rise in the non- 
protein nitrogen of the blood on this diet. This was maintained but 
not elevated by the high protein diet, which was only fairly well eaten. 
On the low protein diet the blood nitrogen as in the other cases 
returned to normal. In this case the phenolsulphonephthalein excre- 


TABLE 4. — Data of Patient 739 


- X 

Date 

Fluid 

Intake 

c.c. 

Urine 

Nitrogen 

NaCI 


Per 

Cent. 

Phthalein 

! 

Blood 

Pres- 

sure 

24-Hr. 

Amount 

c.c. 

Specific 

Grav- 

ity 

Intake 

gm. 

Output 

gm. 

Intake 

gm. 

Output 

gm. 

Jan. 











16 

2,100 

1,500 


. 


9 > • 


22.8 

58 

235- 95 

17 

1,300 

1,150 

1.017 

10.7 

8.8 






18 

1,650 

1,150 

1.016 

9.1 

9.6 

... 


■ ■ ■ • 


230- 85 , 

19 

900 

700 

1.021 

10.8 

7.0 






20 

1,250 

800 

1.020 

10.5 




■ ■ • • 


220- 85 

21 

1,000 

1,290 

1.012 

19.1 

9.8 



41.0 

32 


22 

950 

1,180 

1.015 

9.1 

11.7 



9 m w m 


220- 85 ; 

23 

1,100 

580 

1.019 

7.6 

7.3 






24 

1,000 

720 

1.018 

8.5 

7.4 






25 

900 

500 

1.020 

10.7 

5.0 






26 

1,900 

2,100 

1.014 

22.5 

10.5 j 

4.0 

7.1 

37.5 

35 

200- 90 

27 

1,100 

900 


17.9 


4.0 

4.8 




28 

1,300 

1,100 


18.0 


4.0 

6.2 



1 

29 

1,950 

1,300 


17.5 


14.0 

11.2 



230-110 

30 

1,750 

2,100 


17.5 


4.0 

9.7 

36.5 

52 


31 

1,000 

900 

1.016 

3.4 


4.0 

5.4 



220-100 ' 

Feb. 











1 

900 

500 

1.019 

3.2 

4.0 






2 

1,500 

900 


3.2 






210- 85 

3 

1,300 

750 


3.8 



! 




4 

1,400 

1,300 


3.1 


... 

1 

25.5 

52 

215- 80 


tion fell as the blood nitrogen rose, but returned to normal before the 
blood nitrogen reached normal again. The blood-pressure and general 
condition in this case showed practically no variations with the changes 
in diet. 

Case 762, of nephritis, entered with a moderate amount of edema 
and slightly broken cardiac compensation. The ability to put out added 
salt and urea was poor. The nephritis as shown by the non-protein 
nitrogen of the blood and by the phenolsulphonephthalein test was of a 
moderately severe grade. The diets were eaten extremely well. On a 
standard and high protein diet the non-protein nitrogen of the blood 
rose and the phenolsulphonephthalein elimination fell. The patient did 
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not seem in as good general condition at this time. On a low protein 
diet the blood nitrogen fell, but the phenolsulphonephthalein excretion 
remained the same. Then on a standard diet the blood nitrogen sud- 

TABLE 5. — Data of Patient 762 


Date 

Fluid 

Intake 

c.c. 

Urine 

Nitrogen 

NaCl 

Mg. N. 
per 100 
c.c. Blood 

Per 

Cent. 

Phthalein 

24-Hr. 

Amount 

c.c. 

Specific 

Grav- 

ity 

Intake 

gm. 

Output 

gm. 

Intake 

gm. 

Output 

gm. 

Jan. 










20 

1,600 

1,300 

1.015 

6.0 


10.0 


43.4 

35 

21 

1,550 

1,500 

1.022 

6.0 


4.0 

3.8 



22 

1,500 

1,580 

1.018 

11.2 

8.0 

4.0 

9.2 

. . * . 


23 

2,100 

1,550 

1.017 

11.2 

9.5 

4.0 

9.6 



24 

1,950 

1,350 

1.017 

11.2 

9.1 

4.0 

8.1 



25 

1,500 

1,300 

1.016 

11.2 

9.3 

4.0 

6.8 

. * . . 

. . 

26 

1,750 

1,780 

1.016 

21.2 

13.2 

4.0 

7.5 



27 

1,750 

1,700 

1.015 

11.2 

10.1 

4.0 

7.6 



28 

1,700 

1,000 

1.016 

11.2 

7.6 

4.0 

4.4 

50.0 

. . 

29 

2,100 

1,650 

1.016 

11.2 

11.6 

4.0 

7.1 

.... 

36 

30 

2,100 

1,500 

1.017 

11.2 


4.0 

6.6 



31 

1,750 

1,420 

1.017 

11.2 


4.0 

7.5 



Feb. 










1 

1,950 

1,500 

1.015 

11.2 

* ■ * 

4.0 

■ 5.5 



2 

1,900 

1,500 

1.015 

23.0 


14.0 

6.5 



3 

1,950 

1,550 

1.017 

23.0 


4.0 

5.0 

47.6 

26 

4 

2,250 

2,800 

1.014 

23.0 

• « * 

4.0 

10.2 



5 

2,300 

2,050 

1.019 

21.5 


4.0 

6.5 



6 

2,100 

1,900 

1.017 

23.0 

1 • • A 

4.0 

5.2 

56.1 

.' - 

7 

2,300 

1,700 

1.018 

4.0 


4.0 

2.4 

. < . • 

18 

8 

2,100 

1,900 

1.014 

4.0 


4.0 

5.8 



9 

2,100 

1,900 

1.016 

4.0 


4.0 

5.6 

.... 

. . 

10 

2,300 

1,300 


4.0 


4.0 




11 

1,900 

1,650 


4.0 


4.0 


44.7 


12 

1,500 

1,600 

1.012 

4.0 


4.0 

. » • • 


16 

13 

1,500 

1,150 


4.0 


4.0 




14 

1,590 

1,100 

1.015 

4.0 


4.0 




15 

1,500 

1,100 


4.0 


4.0 


39.8 

18 

16 

1,500 

790 


11.2 


4.0 




17 

1,500 

1,220 


11.2 


4.0 


.... 

. . 

18 

750 

700 


4.0 


2.0 




19 

1,500 

1,100 


11.2 


4.0 




20 

1,500 

1,700 


11.2 


4.0 




21 

1,500 

1,170 

1.017 

11.2 


4.0 


78.6 

15 

22 

1,600 

1,120 


11.2 


4.0 




. 23 

1,500 

1,490 


11.2 


4.0 




■94 

1,500 

1,700 


11.2 


4.0 

• • • 

• • • . 


•ar. 








86.0 

33 

7 

* 










* From Feb. 24 to March 7, diet 11.2 gm. nitrogen, 4 gm. salt each day. 


denly began to rise quite markedly, and eventually the phenolsulphone- 
phthalein excretion rose. At the same time the blood-pressure fell, 
and the general condition of the patient became so improved that he 
went home. The edema disappeared as the stored-up salt was grad- 













C. FROTHINGHAM, JR.—W. G. SMILLIE 


213 


ually eliminated. Two months later the patient reported to the out- 
patient department in pretty fair shape with a non-protein blood 
nitrogen of 46 mg. per hundred c.c. of blood. This unexpected rise on 
the standard diet to a higher level than formerly we cannot explain. 

Case 1056 represented a severe nephritis with symptoms suggestive 
of pending uremia without edema. The patient did not change in 
condition while in the hospital and left against advice. For several 
days practically no diet was eaten. Added salt or urea were very 
poorly excreted. The phenolsulphonephthalein excretion remained only 
a trace throughout. The non-protein nitrogen content of the blood 
rose steadily even on a very low protein diet. The blood-pressure 
made no important fluctuations. 

TABLE 6. — Data of Patient 1056 


Date 

Fluid 

Intake 

c.c. 

Urine 

Nitrogen 

NaCI 

Mg. N. 
per 100 
c.c. Blood 

Per 

Cent. 

Phthalein 


24-Hr. 

Amount 

c.c. 

Specific 

Grav- 

ity 

Intake 

gm. 

Output 

gm. 

Intake 

gm. 

Output 

gm. 

April 











12 

1,500 

1,200 

1.014 

1.3 

4.1 

2.0 

4.0 

78.9 

Trace 


13 

1,500 

720 


1.5 

3.8 

2.0 

2.5 

• • • • 


210-10. 

14 

1,900 

680 


1.5 

5.7 

2.0 

2.1 



i 

f 

15 

1,850 

820 


0.6 

2.2 

12.0 

2.9 

• • • • 


210-10, 

16 

1,750 

230 


0.0 

0.7 

0.0+ 

0.7 




17 

1,750 

410 


0.0 

2.1 

0.0+ 

1.6 

86.9 

Trace 


18 

1,700 

860 


0.0 

3.7 

0.0+ 



^ * 

200-10' 

19 

1,100 

435 


10.0 

1.8 

0.0+ 

1.7 




20 

1,700 

1,230 


1.8 

6.4 

2.0 


• • • • 


180- 91 

21 

2,000 

800 



5.2 

3.4 





22 

1,500 

675 



4.1 

3.0 

1.7 

129.9 

Trace 


23 

? 

630 

1.015 

4.0 

2.8 

4.0 

1.7 

— 


210-101 


The next group of five cases (Tables 7-11, Chart 2) show types of 
nephritis which apparently can eliminate added nitrogen in the form 
of urea or the nitrogen of a standard diet fairly well, but which cannot 
put out added salt well. The non-protein nitrogen of the blood, how- 
ever, becomes elevated on the high protein diet. As in the other group 
it returns to normal on the low protein diet. 

Patient 1097 entered The hospital in poor condition and showed 
auricular fibrillation and extensive edema. The edema quickly dis- 
appeared with the tremendous diuresis April 23. The non-protein 
nitrogen in the blood was above normal on admission. Added salt to 
the diet on May 1 was put out very poorly by the kidneys. Added urea 
was put out fairly well. The output of nitrogen in the urine the first 
few days was in excess of the intake, which suggested a high protein 
intake or retention with the edema before admission. This was con- 
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sistent with the high non-protein nitrogen in the blood at entrance. 
On the standard and low protein diet the nitrogen was excreted well 
and the blood nitrogen dropped to nearly normal. On the high protein 
diet which this patient ate well the output of nitrogen in the urine did 
not approximate the intake so closely. During this period of high 


TABLE 7. — Data of Patient 1097 


Date 

Fluid 

Intake 

c.c. 

Urine 

Nitrogen 

NaCl 

Mg. N. 
per 100 
c.c. Blood 

Per 

Cent. 

Phthalein 

Blood 

Pres- 

sure 

24-Hr. 

Amount 

c.c. 

Specific 

Grav- 

ity 

Intake 

gm. 

Output 

gm. 

Intake 

gm. 

Output 

gm. 

April 








43.4 

40 

190-110 

21 

1,300 

340 

1.021 

4.0 

5.0 

1.0 

0.2 

. ... 

. . 

215-115 

22 

I'OOO 

1,865 

1.016 

4.0 

13.2 

1.0 

9.0 




23 

'800 

5,800 

1.013 

4.0 

7.9 

1.0 

38.0 

— 


215-12U 

24 

25 

800 

1,000 

1,200 

1,400 

1.018 

1.016 

4.0 

6.0 

4.8 

7.1 

6.0 

6.0 

8.6 

4.0 

.... 

. . 

230-130 

26 

I'OOO 

'310 

1.022 

6.0 

5.3 

6.0 

1.6 




27 

28 

l',000 

1,300 

837 

990 

1.020 

1.020 

6.0 

6.0 

8.0 

7.4 

6.0 

6.0 

2.3 

2.8 

.... 

• • 

210-120 

29 

1,200 

. 885 

1.018 

6.0 

6.1 

6.0 

3.0 




30 

l',200 

1,030 

1.019 

6.1 

8.5 

6.0 

4.0 




May 

1 

1,500 

890 

1.022 

6.0 

7.7 

16.0 

4.5 



195-110 

2 

1,'250 

5S0-h 

1.018 

6.0 

3.S-F 

6.0 

7.7+ 

.... 

* • 

3 

1,500 

700 

1.019 

6.0 

4.7 

6.0 

5.5 



180-100 

4 

1,200 

1,465 

1.017 

16.0 

12.5 

6.0 

9.6 

. ... 


5 

1,500 

410+ 

1.020 

6.0 

2.6+ 

6.0 

3.2+ 

. ... 

D 1 


6 

1,300 

Lost 

Lost 

6.0 

Lost 

6.0 

Lost 




7 

8 

1,300 

1,500 

840 

1,465 

1.018 

1.017 

11.2 

11.2 

6.4 

13.1 

4.0 

14.0 

5.2 

10.2 

c* o 

32.2 

•• 

190- 85 

Q 

1,500 

980 

1.020 

11.2 

7.0 

4.0 

5.8 

c o 




10 

11 

12 

13 

14 

15 

16 

17 

1,200 

1,550 

1,250 

1,075 

1,100 

1,250 

1,300 

1,680 

1,165 

950 

1,310 

1,015 

600+ 

1,570 

920 

960 

1.022 

1.022 

1.013 

1.015 

1.020 

1.018 

1.021 

1.020 

11.2 

11.2 

11.2 

10.7 

23.0 

23.0 

22.5 

23.0 

13.4 

10.7 

8.0 

9.1 

8.1 

19.3 

10.6 

12.3 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

KCl 10 

5.2 

5.0 

3.7 

1.0 
0.6+ 

3.0 

2.2 

2.0 

.... 

51 

200-100 

180- 90 

18 

19 

20 

21 

22 

23 

1,550 

1,250 

1,640 

1,730 

1,810 

960 

910 

650 

.1,058 

980 

1.021 

1.020 

1.020 

1.010 

1.012 

23.0 

8.4 

4.0 

4.0 

4.0 

9.4 

11.8 

8.9 

5.3 

4.6 

14.0 

4.0 

4.0 

4.0 

4.0 

5.7 

4.4 

3.4 

3.0 

4.0 

46.3 

37.3 

40 




protein diet following the standard diet the non-protem 

the blood again rose. It took apparently a '“■'f TXt 

intake to cause an increase in blood nitrogen. Agam, on May 20 
the low protein diet was given, the fnary n.trogen exceeded h 
intake and the non-protein nitrogen of the blood fell. Dun „ 
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entire period of study the phenolsulphonephthalein excretion ranged 
from 40 to 51 per cent. It was higher when the blood nitrogen was 
lower. Ten gm. of potassium chlorid added to the diet were not 
excreted any better than sodium chlorid. 

The blood-pressure showed some variations during the stay in the 
hospital, but not in any special relation to the diets. It tended to be 


TABLE 8. — Data of Patient 428 


Date 

Fluid 

Intake 

c.c. 

Urine 

Nitrogen 

1 

NaCl 

Mg. N. 
per 100 
c.c. Blood 

Per 

Cent. 

Phthalein 

1 

Blood 

Pres- 

sure 

1 

1 

24-Hr. 

Amount 

c.c. 

Specific 

Grav- 

ity 

Intake 

gm. 

Output 

gm. 

Intake 

gm. 

Output 

gm. 

Nov. 










1 

7 

1,000 

1,130 


8.0 

7.0 

6.0 

10.3 



t 

8 

1,000 

1,265 


8.0 

8.0 

6.0 

11.5 



1 

9 

1,000 

1,665 


8.0 

6.3 

16.0 

12.3 



» 

10 

1,000 

1,465 


8.0 

6.0 

6.0 

10.8 


1 

1 


11 

1,000 

2,050 


18.0 

14.0 

6.0 

16.8 




12 

1,000 

1,316 


8.0 

• • • 

6.0 

10.0 




28 

1,000 

1,300 

1.020 

11.2 

« « ft 

4.0 


21.5 

51 


29 

1,000 

900 


11.2 

• • • 

4.0 

• • • 


• . 

122- 80 

30 

1,000 

900 


11.2 

• • • 

4.0 





Dec. 










1 

1 

1,000 

1,050 

1.020 

11.2 

• • • 

4.0 

• • • 

.... 


140- 94‘ 

2 

1,000 

980 


11.2 

9.7 

4.0 





3 

1,000 

840 


11.2 

14.2 

4.0 





4 

1,000 

1,450 


11.2 

15.0 

4.0 


20.2 

. • 

136- 90 

5 

1 1,000 , 

1,360 



23.0 

20.6 

4.0 





6 

1,000 ' 

1,050 


23.0 

19.6 

4.0 





7 

1,800 

1,650 


23.0 

19.0 

4.0 





8 

1,800 

1,540 


23.0 

17.0 

4.0 

I 

39.1 

45 

140- 90 

9 1 

1,800 

1,600 


11.2 

13.0 

4.0 





10 

1,800 

1,200 


11.2 

14.0 

4.0 





11 

1,800 

1,300 


11.2 

13.4 

4.0 


• . » . 


140- 94 

12 

1,800 

1,150 


11.2 

9.9 

4.0 

• ft • 

28.5 



13 

1,800 

1,180 

1.030 

11.2 

10.6 

4.0 





14 

1,800 

1,090 


11.2 

11.8 

4.0 





15 

1,800 

1,030 

1.012 

11.2 

9.4 

4.0 





16 

1,800 

950 


11.2 

7.5 

4.0 


ft ft ft ft 


142- 84 

17 

1,800 

980 

1.020 

11.2 

6.7 

4.0 

ft ft ft 

23.9 

45 


18 

1,800 

1,020 


4.0 

7.6 

4.0 





19 

1,800 

780 

1.021 

4.0 

ft ft ft 

4.0 


ft ft # ft 


142- 92 

20 




4.0 

ft ft ft 

4.0 





21 




4.0 

... 

4.0 


19.6 

• • 



lower the longer the patient was in the hospital, despite the period of 
high protein diet. On leaving the hospital the patient had no edema, 
his general condition was improved and the auricular fibrillation per- 
sisted. 

In patient 428 the amount of food actually eaten was not measured, 
so the amount offered is recorded. Frequent observations, however, 
made us feel pretty certain that practically everything offered was 
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consumed. This patient showed early in November an ability to put 
out urea when added to the diet, but not salt. As in the preceding case 
it was necessary to put the patient on the high protein diet in order to 
elevate the non-protein nitrogen in the blood. On the low protein or 
standard diets the nitrogen in the blood remained normal. The phenol- 


TABLE 9.— Data of Patient 1154 


- Date 


Fluid 

Intake 

c.c. 


May 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Tune 

1 

2 

3 

4 

5 


Urine 


24-Hr. 

Amount 

c.c. 


2.500 
1,950 
1,350 

1.500 
1,450 
1,800 

2.700 
2,100 
1,900 

2,100 

1.700 
1,650 
1,650 
1,750 
1,670 
3,100 
2,130 
1,910 

950 

1,730 

1,500 

1,700 

1,300 

1,900 

1,960 

1,750 

1,800 

1,525 

1,825 


2,254 

1,305 

1,020 

765 

940 

600 

3,300 

940 

1,830 

1,150 

1,330 

1,245 

1,810 

1,070 

965 

2,980 

930 

1,165 

740 

365 

650 

1,100 

850 

1,150 

1,440 

1,460 

1,150 

1,430 

1,530 


Specific 

Grav- 

ity 


1.010 

1.013 

1.021 

1.025 

1.026 
1.016 
1.010 
1.020 
1.017 


Nitrogen 


Intake 

scm. 


11.2 

11.2 

11.2 

11.2 

9.9 

11.2 

20.7 

9.9 

9.7 


1.011 8.7 

1.013 20.0 

1.013 22.5 

1.014 20.0 

1.015 11-2 

1.015 8.4 

1.005 4.0 

1.010 4.0 

1.010 4.0 

1.011 4.0 

1.018 4.0 

4.0 

6.3 

11-2 

1.012 10.7 

1.010 10.7 

1.010 17.8 

1.014 18.6 

1.011 19-6 

1.012 20.5 


Output 

gm. 


13.0 

9.1 
10.3 

6.5 

10.9 

7.1 

19.1 
9.3 

9.3 

7.3 
8.8 
12.0 
13.7 

8.0 

7.8 
7.0 

5.3 

5.9 

3.7 

3.8 


5.7 

6.0 

9.0 

9.2 

9.6 

9.2 


NaCl 


Intake 

gm. 


4.0 

4.0 

4.0 

14.0 

4.0 

4.0 
4.0 
4.0 

4.0 

KCl 10 

14.0 

2.0 

4.0 

2.0 
2.0 
2.0 
4.0 
4.0 
4.0 
4.0 
4.0 

4.0 

2.0 
4.0 
4.0 

4.0 

3.5 

3.6 
4.0 
3.5 


Output 

gm. 


10.7 

5.8 

5.3 

2.4 

3.6 
1.1 

4.3 

1.4 
0.9 

2.7 

4.9 

2.8 

4.1 

1.5 
1.0 
2.0 
1.3 
3.0 

1.2 
1.2 


3.0 

2.6 

3.0 
2.6 

2.0 
4.6 


Mg. N. 
per 100 
c.c. Blood 


30.9 


Per 

Cent. 

Phthalein 


45 


35.1 


37.3 


33.1 


32.6 


60 


51 


41.3 


Blood 

Pres- 

sure 


220-140 


260-160 

255-155 

230-150 


220-150 

210-140 

205-130 

180-110 

190-120 

170-110 

150-100 


sulphonephthalein excretion and the b^od-presaure no_^app- 

prlcticTny without symptoms except slight edema 
Its aTl’';:e:^rn.’‘He::: aisoLh. . excrete 
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consumed. This patient showed early in November an ability to put 
out urea when added to the diet, but not salt. As in the preceding case 
it was necessary to put the patient on the high protein diet in order to 
elevate the non-protein nitrogen in the blood. On the low protein or 
standard diets the nitrogen in the blood remained normal. The phenol- 


TABLE 9. — Data of Patient 1154 


Date 

Fluid 

Intake 

c.c. 

1 

Urine 

Nitrogen 

NaCI 

Mg. N. 
per 100 
c.c. Blood 

Per 

Cent. 

Phthalein 


24-Hr. 

Amount 

c.c. 

Specific 

Grav- 

ity 

Intake 

gm. 

Output 

gm. 

Intake 

gm. 

Output 

gm. 

May 











8 

2,500 

2,254 

1.010 

11.2 

13.0 

4.0 

10.7 

30.9 

45 


9 

1,950 

1,305 

1.013 

11.2 

9.1 

4.0 

5.8 



220-140 

10 

1,350 

1,020 

1.021 

11.2 

10.3 

4.0 

5.3 




11 i 

1,500 

765 

1.025 

11.2 

6.5 

14.0 

2.4 




12 : 

1,450 

940 

1.026 

9.9 

10.9 

4.0 

3.6 

• • ■ * 


260-160 

13 

1,800 

600 

1.016 

11.2 

7.1 

4.0 

1.1 

• • • • 


255-155 

14 

2,700 

3,300 

1.010 

20.7 

19.1 

4.0 

4.3 

• * • • 

60 

230-150 

IS 

2,100 

940 

1.020 

9.9 

9.3 

4.0 

1.4 




16 

1,900 

1,830 

1.017 

9.7 

9.3 

4.0 

0.9 










KCl 10 





17 

2,100 

1,150 

1.011 

8.7 

7.3 

14.0 

2.7 



220-150 

18 

1,700 

1,330 

1.013 

20.0 

8.8 

2.0 

4.9 

• • • . 

, . 

19 

1,650 

1,245 

1.013 

22.5 

12.0 

4.0 

2.8 

35.1 

• • 

210-140 

20 

1,650 

1,810 

1.014 

20.0 

13.7 

2.0 

4.1 

• * • • 


21 

1,750 

1,070 

1.015 

11.2 

8.0 

2.0 

1.5 




22 

1,670 

965 

1.015 1 

8.4 

7.8 

2.0 

1.0 

1 


205-130 

23 

3,100 

2,980 

1.005 

4.0 

7.0 

4.0 

2.0 

37.3 

51 

24 

2,130 

930 

1.010 

4.0 

5.3 

4.0 

1.3 




25 

1,910 

1,165 

1.010 

4.0 

5.9 

4.0 

3.0 



180-110 

26 

950 

740 

1.011 

4.0 

3.7 

4.0 

1.2 

» . . • 

. . 

27 

1,730 

365 

1.018 

4.0 

3.8 

4.0 

1.2 

33.1 



28 

1,500 

650 


4.0 

• • > 

4.0 





29 

1,700 

1,100 


6.3 

• • • 

2.0 





30 

1,300 

850 


11.2 

• • . 

4.0 

. . . 

32.6 

. • 

190- Uv 

31 

1,900 

1,150 

1.012 

10.7 

5.7 

4.0 

3.0 



Tune 

1 

1,960 

1,440 

1.010 

10.7 

6.0 

4.0 

2.6 



170-110 

2 

1,750 

1,460 

1.010 

17.8 

9.0 

3.5 

3.0 




3 

1,800 

1,150 

1.014 

18.6 

9.2 

3.6 

2.6 




4 

1,525 

1,430 

1.011 

19.6 

9.6 

4.0 

2.0 

41.3 



5 

1,825 

1 

1,530 

1.012 

20.5 

9.2 

3.5 

4.6 

■■ . 

I5u-ivv 


sulphonephthalein excretion and the blood-pressure showed no appre- 
ciable variation with the changes in diet. By the time this study was 
made the patient was practically without symptoms except slight edema 
and remained so during the study. 

Patient 1154 is again an example of a marked retention of added 
salt. In putting out his added urea it is interesting to note that it 
caused a diuresis as is frequently seen. He was also unable to excrete 
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Chart 2. — Data of Patient 1154. 



TABLE 10. — Data of Patient 1075 


Date 

Fluid 

Intake 

c.c. 

Urine 

Nitrogen 

NaCI 

Mg. N. 
per 100 
c.c. Blood 

Per 

Cent. 

Phthalein 

Blood 

Pres- 

sure 

24-Hr. 

Amount 

c.c. 

Specific 

Grav- 

ity 

Intake 

gm. 

Output 

gm. 

Intake 

gm. 

Output 

gm. 

April 

15 

800 

980 


4.0 

14.1 

1.0 

3.1 

iis 



^ 16 

800 

800 


4.0 

7.2 

1.0 

3.2 

55 


17 

800 

645 


4.0 

10.0 

1.0 

3.0 




18 

1,000 

910 


8.0-f- 

8.6 

3.0-f 

7.2 




19 

1,000 

1,100 

Hngn 

8.0-1- 

9.9 

3.0-1- 

10.5 



1 AC nn 

20 

liooo 

875 


8.0-1- 

7.5 

3.0-t- 

7.8 

— 

• • 

loo- yu 

21 

1,550 

1,280 


11.2 

7.0 

4.0 

8.8 




22 

1,600 

1,560 


11.2 

9.7 

4.0 

7.6 




23 

1,600 

2,340 


11.2 

10.5 

4.0 

10.2 

• ••• 

• • 


24 

1,700 

2^740 


212 

17.8 

4.0 

13.0 




25 

1,650 

2,125 


11.2 

12.8 

4.0 

7.6 

20.7 



26 

27 

1,550 

1,400 

1,300 

1,590 


11.2 

11.2 

7.2 

8.2 

4.0 

4.0 

8.4 

6.8 

62 

155-100 

28 

1,500 

1,940 


11.2 

8.1 

4.0 

4.2 




29 

1,300 

1,350 


23.0 

18.9 

4.0 

3.5 

A O 



160- 95 

30 

1,400 

1,450 


23.0 

17.8 

4.0 

4.8 

• • • • 


May 

1 

1,200 

820 


23.0 

7.8 

14.0 

3.7 



140- 95 

2 

1,700 

1,340 


23.0 

15.8 

4.0 

7,7 

• ••• 

• • 

, 3 
. 4 

1,700 

1,700 

1,310 

940 


23.0 ■ 
23.0 

15.3 

12.4 

4.0 

4.0 

3.6 

2.0 



140- 95 

5 

6 

1,900 

1,700 

780 

1,665 


23.0 

23.0 

9.6 

20.0 

4.0 

4.0 

2.2 

2.0 

36!5 

45 
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TABLE 12. — Data in Case 1200 (Control) 


Date 

Fluid 

Intake 

c.c. 

Urine 

Nitrogen 

NaCI 

Mg. N. 

per 100 
c.c. Blood 

Per 

Cent. 

Phthalein 

' Blood 
Pres- 
sure 

24-Hr. 

Amount 

C.C. 

Specific 

Grav- 

ity 

Intake 

gm. 

Output 

gni. 

! 

Intake 

gm. 

Output 

gm. 

May 




1 


1 

1 

1 




1,650 

1,820 

1.015 

11.2 

11.4 

14.0 

11.0 

23.8 



^31 

1,460 

1,700 

1.016 

21.2 

20.2 

4.0 

5.6 




June 

1 

1,350 

990 

1.020 

11.2 

13.6 

4.0 

2.0 




2 

1,375 

925 

1.024 

23.0 

16.0 

4.0 

2.0 

25.3 



3 

950 

1,020 

1.020 

17.8 

16.0 

3.0 

4.0 




4 

1,425 

1,230 

1.018 

22.0 

15.4 

3.8 

2.7 




5 

1,475 

2,290 

1.015 

22.0 

18.2 

3.8 

1L4 




6 

1,725 

1,180+ 

1.014 

23.0 

10.6+ 

4.0 

3.6+ 

22.4 

58 


7 

1,425 

760 

1.025 

22.0 

15.2 

3.8 

2.0 



1 

8 

1,280 

1,660 

1.015 

10.0 

1 1 

4.0 

2.2 



' I 

I 

) 


TABLE 13. — Data in Case 1033 (Control) 


Date 

Fluid 

Intake 

c.c. 

Urine 

Nitrogen 

NaCl 

Mg. N. 
per 100 
c.c. Blood 

Per 

Cent. 

Phthalein 

Blood 

Pres- 

sure 


Specific 

Grav- 

ity 

Intake 

gm. 

Output 

gm. 

Intake 

gm. 

Output 

gm. 

April 











11 

1,500 

1,100 


11.2 


4.0 





12 

1,600 

900 


11.2 


4.0 





13 

1,500 

1,400 


11.2 


4.0 





14 

1,250 

550 

1.026 

11.2 


4.0 





15 

1,300 

1,150 


11.2 


4.0 





16 

1,500 

1,150 


11.2 


4.0 


21.6 

58 


17 

1,650 

580 


11.2 


4.0 





18 

1,350 

1,300 


11.2 


4.0 





19 


900 


11.2 


. 4.0 





20 

1,650 

900 


11.2 


4.0 





21 

1,850 

500 

1.018 

11.2 


4.0 





22 

1,610 

900 


11.2 


4.0 


17.6 


1 

23 

2,100 

1,100 


23.0 


4.0 





24 

2,100 

1,100 


23.0 


4.0 





25 

1,950 

700 


23.0 


4.0 





26 

1,900 

700 


23.0 


4.0 





27 

1,800 

580 


23.0 


4.0 





28 

1,850 

500 


23.0 

i 

4.0 

. .. 

20.6 

1 

- 
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TABLE 14. — Data in Case 920 (Control) 


i 

)ate 

Fluid 

Intake 

c.c. 

Urine 

Nitrogen 

NaCl 

Mg. N. 
per 100 
c.c. Blood 

Per 

Cent. 

Phthalein 

Blood 

Pres- 

sure 

24-Hr. 

Amount 

c.c. 

Specific 

Grav- 

ity 

Intake 

gm. 

Output 

gm. 

Intake 

gm. 

Output 

gm. 

lar. 











■ -26 

1,500 

2,300 


10.5 


3.8 




125 -SO 

[ ••27 

1,500 

1,800 

1.022 

11.2 


4.0 


27.0 


115- 50 

; 28 

1,500 

1,700 


11.2 


4.0 


• • • • 

58 


■: 29 

1,500 

1,450 


10.7 


4.0 





;■ 30 

1,500 

950 


11.2 


4.0 





- 31 

1,500 

1,350 


21.5 


3.8 





J ipril 











. 1 

1,500 

1,300 


23.0 


4.0 

... 

• • • • 

, , 

140- 80 

; ■ 2 

1,500 

1,150 


22.9 


4.0 





■ 3 

1,500 

1,750 


23.0 


4.0 





;• 4 

1,500 

1,580 


21.5 


3.8 

... 

26.6 

• • 

ISO- 80 


TABLE IS. — Data in Case 1252 (Control) 
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potassium chlorid any better than sodium chlorid. It was only on a 
high protein diet, which he ate fairly well, that the non-protein nitrogen 
of the blood rose, although throughout the study the blood nitrogen 
was on the upper border of normal limits. The phenolsulphone- 
phthalein elimination varied a little, but not with any special change in 
diet. The blood-pressure showed a steady tendency to fall during the 
period of study, which was from the beginning of his stay in the hos- 
pital, but did not seem to bear any relation to the diets. The general 
condition showed slight improvement with his stay in the hospital 
irrespective of diet, although the albuminuric retinitis and anemia from 
which he suffered changed but little. 

The data in this case also are recorded in Chart 2 in order to bring 
out the essential points more clearly. 

Patient 1075 had marked edema and poor ability to excrete salt. 
As the salt was eliminated the edema disappeared and the blood- 
pressure fell steadily irrespective of the nitrogen content of the diet. 
The nitrogen elimination was good on the low protein and standard 
diets, and it was only after prolonged high protein diet, which was well 
taken, that the non-protein nitrogen of the blood rose. The phenol- 
SLilphonephthalein elimination fell slightly with the rise in blood 
nitrogen. 

Case 817 is included as it shows changes similar to those in the 
preceding case, except that there was no edema. 

The next four cases (Tables 12-15) were controls in persons, so far 
as we could tell, absolutely free from nephritis. Three of them were 
placed on a high protein diet following the standard diet, and one on a 
low protein after the standard diet. The diets were well taken and 
accurately measured. It will be readily seen that the high protein diet 
was taken for a considerable time without rise in the non-protein 
nitrogen of the blood; nor was there any appreciable drop in the 
patient’s non-protein nitrogen of the blood after the low protein diet. 

The next two cases (Tables 16 and 17) did not have the added salt 
and urea tests made, but seem worth recording because of the sharp 
rise in non-protein nitrogen of the blood, in Case 589, on a high protein 
diet, and in Case 785, on a diet very low in nitrogen. The latter patient 
died the day following the last estimation of blood nitrogen. 

It would not be fair to omit the following four cases (Tables 18-21) 
which show varying degrees of inability to put out added salt and urea. 
They also show other evidences of nephritis, yet very little if any rise 
in non-protein nitrogen in the blood on even high protein diet. In these 
cases, also, there seems to be no relation between the phenolsulphone- 
phthalein excretion or the blood-pressure and the diets. The general 
condition of the patients did not vary with the diets. Their symptoms 
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TABLE 16. — Data of Patient 589 


Date 

Fluid 

Intake 

C.C. 

Urine 

Nitrogen 

NaCI 

Mg. N. 
per 100 
c.c. Blood 

Per 

Cent. 

Phthalein 


24-Hr. 

Amount 

c.c. 


Intake 

gm. 

Output 

gm. 

Intake 

gm. 

Output 

gm. 

Dec. 











5 

1,100 

1,500 

1.009 

6.0 



6.0 


20.8 

27 


6 

1,200 

1,350 


6.0 

• • ■ • 

6.0 

• • • 

.... 

. . 

198-1 IS 

7 

1,200 

1,040 


6.0 







8 

1,420 

2,100 


11.2 

. ... 

4.0 





9 

1,360 

1,300 

1.014 

11.2 

« ■ « • 

4.0 


• . • • 


195-110 

10 

1,200 

1,700 

1.015 

11.2 

« • • • 

4.0 


• . « • 

SO 


11 

1,200 

1,500 

1.018 

11.2 

4.2 

4.0 





12 

950 



11.2 

5.3 

4.0 





13 

950 


1.018 

23.0 

5.8 

4.0 

...” 

• • • . 

• • 

170-100 

14 

1,200 



. 23.0 

8.5 

4.0 





:15 

1,300 


HH 

23.0 

12.1 

4.0 


43.5 

24 



TABLE 17. — Data of Patient 785 


Date 

Fluid 

Intake 

c.c. 

Urine 

Nitrogen 

NaCl 

Mg. N. 
per 100 
c.c. Blood 

1 

Per 

Cent. 

Phthalein 


24-Hr. 

Amount 

c.c. 

Specific 

Grav- 

ity 

Intake 

gm. 

! Output 
' gm. 

Intake 

gm. 

Output 

gm. 

June 











5 

3.145 ' 

1,840 

1.009 

9.2 

5.1 

4.0 

5.1 

.... 

0 


6 


1,300 

1.009 

10.0 

3.0 

4.0 

3.0 

117.0 

0 

130- 90 

7 


1,220 

1.007 

9.8 

4.0 

4.0 

2.8 




8 

2,595 

460 

1.007 

7.0 

1.5 

3.5 

0.64 

130.0 

0 

135- 

■ 9 


450 

1.011 

9.2 

1.3 

3.5 

0.72 

* • • # 

. • 

t 

10 


380 


4.6 


2.0 


179.0 

0 

180- oU 

11 


150 


4.0 

2.6 






12 


0 


0.0 


0.0 


• • • « 

# • 

140- oi) 

.- 13 

Died 











t ConvuLsion. 


























, TABLE 18.— Data of Patient 1072 


Date 

Fluid 

Intake 

c.c. 

Urine 

Nitrogen 

NaCl 

KBmiM 

Per 

Cent. 

Phthalein 

i||HH 

24-Hr. 

Amount 

c.c. 

Specific 

Grav- 

ity 

Intake 

gm. 

Output 

gm. 

Intake 

gm. 

Output 

gm. 

April 











16 

1,100 

1,480 

1.015 

10.7 


4.0 


• . • • 


190-11 

17 

1,300 

1,100 

1.010 

9.7 


3.0 

1.2 

31.8 

60 


18 

950 

840 

1.015 

10.7 


14.0 

4.0 

. • . • 

, , 

200-1 

19 

1,300 

1,180 

1.009 

8.8 


3.0 




J 

20 

1,300 

2,400 

1.010 

18.7 

8.2 

4.0 


• « > • 


210-1 

21 

1,500 

1,810 

1.010 

10.7 

8.0 

4.0 





22 

1,680 

1,915 

1.010 

11.1 

7.4 

4.0 

4.0 

* • . « • 


185- ! 

23 1 

1,900 

1,190 

1.011 

■10.0 

4.1 

4.0 

4.6 



1 

24 

1,300 

2,060 

1.011 

12.6 

3.7 

4.0 

2.8 

29.4 


180- 1( 

25 

1,500 

1,150 

1.015 

17.3 

7.1 

3.0 

1.0 




26 

1,300 

1,630 

1.012 

17.3 

8.2 

3.0 

1.9 



i 

27 

1,500 

1,320 

1.011 

19.0 

7.5 

3.0 

1.2 



i 

28 

1,550 

2,045 

1.011 

20.4 

7.0 

3.5 

1 2.4 

> • • • 

. , 

185-1 

29 

1,400 

1,565 

1.012 

17.0 

6.0 

3.0 

2.0 




30 

1,500 

1,570 

1.013 

17.0 

' 8.4 

3.0 

2.5 

« ■ • ft 


180-1( 

May 











1 

1,350 

1,630 

1.012 

19.7 

8.1 

3.0 

2.0 

34.0 

1 


2 

1,500 

1,450 

1.010 

13.0 

6.7 

2.0 

1.6 




178-1( 

3 

1,350 

1,460 

1.008 

4.0 

4.8 

4.0 

1.5 




4 

1,200 

1,092 

1.010 

4.0 

4.6 

4.0 

1.9 



* ■ 

170- ‘ 







KCI5 




5 

5 

1,100 

1,355 

1.010 

4.0 

2.8 

1 

9.0 

7.2 

23.7 

51 “ 

1 


TABLE 19. — Data of Patient 675 


Date 

Fluid 

Intake 

c.c. 

Urine 

Nitrogen 

NaCl 

Mg. N. 
per 100 
c.c. Blood 

Per 

Cent. 

Phthalein 


24-Hr. 

Amount 

c.c. 

Specific 

Grav- 

ity 

Intake 

gm. 

Output 

gm. 

Intake 

gm. 

Output 

gm. 

_ . . 

Jan. 











7 

1,750 

1,100 

1.012 

4.0 



4.0 




1 

8 

1,780 

1,150 


4.0 


4.0 

1.9 




9 

1,170 

300-1- 


4.0 


4.0 

3.5 

34.0 

54 

170-lt 

10 

1,200 

700 


4.0 


4.0 





11 

1,160 

500 


4.0 


14.0 




, 

12 

1,100 

900 


4.0 

4.1 

4.0 




145- 8 

•13 

1,100 

900 


4.0 

4.7 

4.0 

4.0 





1,650 

900 


8.4 

4.8 

3.6 


21.6 

55 


15 i 

1,550 

1,300 

1.022 

21.2 

12.3 

4.0 

. .. 



150- 9 

16 1 

1,550 

1,300 

; 1.016 

11.2 

9.2 

4.0 





17 

1,500 

750 

1 1.021 

11.2 

8.7 

4.0 





18 

1,520 

880 


7.9 

7.4 

3.0 

. .. 

26.3 


145- 9 

19 

1,150 

500 


6.9 



3.0 

. .. 


51 


20 

800 

580 


6.8 



3.0 




140- 8 

21 

550 

1.080 


19.8 


3.0 





22 

1,700 

1,260 

1.015 

13.0 

'8.2 

2.0 





23 

1.100 

1,020 

1.012 

13.0 

7.0 

2.0 




145- 8 

24 

1,550 

820 

1.015 

13.0 

6.0 

2.0 





25 

950 

1,250 


11.2 

.... 

2.0 


29.0 

43 

150- 9 


j 


1 




























TABLE 20.— Data of Patient 1029 


'•ate 

Fluid 

Intake 

c.c. 

Urine 

Nitrogen 

NaCl 

Mg. N. 
per 100 
c.c. Blood 

Per 

Cent. 

Phthalein 


24-Hr. 

Amount 

c.c. 

Specific 

Grav- 

ity 


Output 

gm. 

Intake 

gm," 

Output 

gm. 

r 

•pril 











12 

900 

570 

1.021 

11.0 

3.1 

4.0 

2.8 




:13 

1,300 

1.080 

1.014 

5.2 

5.0 

2.0 

3.8 

28.5 

60 

220- 95 

14 

1,300 

430 

1.020 

6.7 

4.0 

2.0 

0.86 




;i5 

1,500 

520 

1.026 

2.7 

6.0 

12.0 

3.7 

« . • . 

, . 

185- 90 

16 

1,300 

305 

1.021 

4.0 

1.8 

2.0 

2.4 




17 

1,100 

300 

1.028 

5.1 

3.8 

2.0 

1.2 

• • • • 

. . 

190- 90 

.18 

1,300 

510 

1.013 

15.1 

6.2 

2.0 

0.9 




19 

1,300 

605 

1.015 

6.7 

5.5 

2.0 

1.3 




20 

1,100 1 

305 

1.026 

6.7 

5.1 

2.0 

0.9 

• • • • 

, • 

185- 95 

-21 

1,300 , 

830 

1.015 

15.7 

5.6 

2.6 

1.7 

19.5 

75 

180- 95 

•22 

1,300 1 

1,010 

1.013 

9.7 

6.0 

1.8 

3.0 

1 



23 

1,500 

440 

1.026 

10.7 

5.5 

2.0 

2.8 

j 



24 

1,300 

1,115 

1.020 

20.0 

9.0 

3.8 

4.2 




25 

1,300 

500 

1.026 

12.0 

7.0 

2:1 

1.1 

• « • • 


185- 80 

26 

1,300 

760 

1.020 

14.3 

8.7 

2.5 

2.2 




.27 

1,650 

1,800 

1.017 

14.4 

11.1 

2.5 

2.3 


t 


28 

1,600 

1,270 

1.020 

14.0 

10.8 

2.5 

1.1 




29 

1,650 

1,530 

1.016 

15.0 

9.8 

2.6 

3.4 

21.7 



30 

1,300 

1,132 

1.022 

15.0 

11.3 

2.6 

2.0 

1 

• 

^ • * 

205-105 


TABLE 21. — Data of Patient 684 


^ate 

Fluid 

Intake 

cx. 

1 

Urine 

Nitrogen 

NaCl 

Mg. N. 
per 100 
c.c. Blood 

Per 

Cent. 

Phthalein 


24-Hr. 

Amount 

c.c. 

Specific 

Grav- 

ity 





• an. 

• • 6 


480 


11.2 


4.0 


35.9 

65 

210-100 

7 


690 


11.2 , 

« « « * 

4.0 





8 

1.150 

300 


11.2 


4.0 





9 


700 


4.0 

• # • « 

4.0 

5.2 

.... 


200-1 lU 

10 


1,300 


4.0 


4.0 

3.0 




11 

1,380 

1,700 


4.0 


4.0 

3.0 




12 


1,780 


4.0 

3.2 

14.0 

6.2 

.... 



■13 

1,150 

910 


4.0 

4.2 

4.0 

7.1 


i 


' 14 

1,900 

2,100 


11.2 

8.4 

4.0 

4.5 

23.3 

70 1 

^ir\ iin 

. IS 


1,700 

1.015 

21.1 

16.0 

4.0 


.... 

. . 

21U-11U 

-16 

1,380 

1,950 

1.014 

11.2 

12.6 

4.0 





17 

1,700 

1,500 

1.012 

11.2 

6.3 

4.0 

• • • 

. • • . 


2uU-iiU 

IS 


1,500 

! 1.011 

10.7 


4.0 





' ■ 19 

1,650 

1,900 

1 

10.8 

. ... 

4.0 


27.7 

57 


20 


1,590 


10.7 



4.0 

• • • 

• » • » 

. . 

2(A7*'1aU 

21 

1,350 

1,280 

1.012 

10.7 

8.i 

4.0 





22 

1,300 

1,100 

1.019 

8.2 

10.8 

1.5 


.... 

. . 

180-luo 

5 

1,650 

980 

1.026 

21.0 

17.0 

3.6 





124 

! 2,650 

1,750' 

1.015 

21.0 

15.0 

3.6 





l25 

1,650 

1,620 


21.5 


3.8 





126 

] 

; 2.100 

2,300 

! 



... 


... 

21.0 

47 

220-120 
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were slight in all the cases. In all these cases the non-protein nitrogen 
of the blood fell to the lower level of normal limits on the low protein 
diet. 

In endeavoring to draw any conclusions from such a study as this 
or from any study of nephritis, it must be borne in mind that it is fre- 
quently impossible to decide accurately what type of nephritis from a 
pathological-anatomical point of view we are dealing with. In this 
study in most of the cases the kidneys have been studied from the point 
of view of their functional ability rather than with any attempt to 
classify the cases on an anatomical basis. The functional tests con- 
sisting in the addition of salt and urea to the diet do not permit in our 
series of cases such a sharp classification as Widal makes. Apparently, 
cases do occur in which the salt is not excreted and the nitrogen is. 
In the cases with a nitrogen retention, however, of our series the salt 
was also poorly excreted. 

It is safe to say that not all of our cases of presumably the same 
type of functional renal disturbance act in the same way in response 
to the changes in diet. On the other hand, the majority of them do. 
Thus those cases which eliminate added urea and salt poorly tend to 
show an increase in the non-protein nitrogen of the blood on a diet 
not excessive in nitrogen, while those cases which excrete urea well 
but salt rather poorly, only show an increase in non-protein nitrogen 
of the blood on a diet rich in protein. 

We find, as did Folin, Denis and Seymour, that the elimination of 
phenolsulphonephthalein in the urine in most of these cases of nephritis 
does not vary especially with the diets. In a few cases, however, it 
follows in a slight degree inversely to the changes in the non-protein 
nitrogen of the blood. 

The blood-pressure did not seem to vary with the amount of 
nitrogen in the diet- or of non-protein nitrogen in the blood as Goodall 
described it. It did seem to fall gradually after rest in the hospital, 
and especially in those cases of salt retention after the salt had been 
eliminated by a prolonged diet low in sodium chlorid content. 

The general condition of the patient did not seem to be affected by 
the diets except in a few cases on the high protein diet, at which time 
the patients did not feel so well. This is somewhat different from 
Seymour’s findings in which the high protein diet usually made the 
patients feel poorly. In his cases, however, the high protein diet was 
continued a longer time. The high protein diet as a rule was not 
enjoyed by many of the patients. 

The low protein diet almost always caused a drop in the non-protein 
nitrogen of the blood. 

Since frequently the variation in the amount of non-protein 
nitrogen in the blood is the only result of the changes in diet which 
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can be niade out, the question may fairly be raised of how much value 
in prognosis is a rise in the non-protein nitrogen in the blood when 
brought about by an increased nitrogen content in the diet. Is there 
any appreciable change in the patient’s renal condition with these 
changes in diet which only this test will show ? These questions cannot 
be answered at present, but undoubtedly the diet should be considered 
when the amount of non-protein nitrogen in the blood is used as a 
basis for determining the prognosis. Presumably a rise in non-protein 
nitrogen in the blood in response to increased protein in the diet 
indicates a slighter degree of renal disturbance than is indicated by a 
rise when the patient is on a low protein diet. 

It seems justifiable to conclude that in certain types of chronic 
nephritis the nitrogenous content of the diet should be carefully 
watched in order to prevent an increase in non-protein nitrogen in the 
blood. The exact effect of an increase in blood nitrogen produced by 
a high nitrogenous diet is not known at present, but presumably it is 
unfavorable to the best interests of the patient, since in some it 
increases their discomfort as shown by Cases 1078 and 762 of this 
series and cases studied by Seymour. A diet low in nitrogen content 
will frequently keep down to normal the non-protein nitrogen of the 
blood in chronic nephritis. 



METABOLISM STUDY OF A CASE OF CONGENITAL 
HEMOLYTIC JAUNDICE WITH SPLENOMEGALY * 


JAMES P. McKELVY, M.D., and JACOB ROSENBLOOM. M.D., Ph.D. 

PITTSBURGH 

I. INTRODUCTION 

The interesting syndrome of chronic acholuric, pleiochromic jaun- 
dice without the usual syndrome of biliary intoxication associated with 
anemia and splenomegaly was first noted clinically by Murchison^ in 
1883. Minkowski- in 1900, however, reported a very complete study 
of a group of cases occurring in one family. Excellent reviews of the 
subject, together with the literature, have been presented by Tileston 
and Griffin® and by Thayer and Morris,^ so we shall in this paper con- 
sider only those details which have relation to the experimental work 
to be described. 

Besides the usual hereditary form of this disease, there is a familial 
type and a congenital type, in which the disease dates from birth and 
appears in only one of the family. It may be noted from the history 
that the case described in this paper belongs to this type. Another 
type is the so-called “acquired” form, in which the disease usually 
appears in childhood or adolescence.® 

The interesting work of Whipple and Hooper® has placed the 
possibility of a purely hemolytic jaundice on a firm scientific founda- 
tion. They think it possible that the endothelium of the blood-vessels 
is the agent which brings about the rapid change of hemoglobin to 
bile-pigment, and that this mechanism comes into play when there has 
been a destruction of many red cells with much hemoglobin free in the 
plasma. 


* Submitted for publication July 16, 1914. 

* From the Laboratory of Dr. James P. McKelvy, Pittsburgh. 

1. Murchison: Diseases of the Liver, Ed. 3, 1885, 481. 

2. Minkowski; Verhandl. d. Cong. f. inn. Med., 1900, xviii, 316; Deutsch. 
Klin., 1905, V, 651. 

3. Tileston and Griffin; Am. Jour. Med. Sc., 1910, cxxxix, 847. 

4. Thayer and Morris: Bull. Johns Hopkins Hosp., 1911, xxii, 85. 

5. Richards and Johnson; (Jour. Am. Med. Assn., 1913, Ixi, 1586), have 
reported an interesting and well-studied case of congenital hemolytic j'aundice. 
See also Pel; Deutsch. Arch. f. klin. Med., 1912, cvi, 239; Quadri; Virchows 
Arch. f. path. Anat, 1914, ccxv. 151, and McNee, Jour. Path, and Bacteriol., 
1914, xviii, 325. 

6. Whipple and Hooper; Jour. Exper. Med., 1913, xvii, 612. 
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Many theories have been put forth to explain this peculiar syn- 
drome. Pick'^ thought that there was present a congenital communi- 
cation between the bile passages and the lymphatics. Hayem’s® latest 
view is that it is due to syphilis. Minkowski believes that it is due to 
a congenital perverted function of the liver cells, and on this account, 
the bile is excreted into the lymphatics instead of into the bile capil- 
laries. t Chauffard’s® discovery that in this syndrome there is present 
an increased fragility of the red cells opened up a new path for 
theories. The disease could be explained on this basis ; that owing to 
the increased susceptibility of the red cells to hemolytic agents, the 
anemia develops and regeneration types of red cells appear in the 
circulation. 

This increased destruction of red cells then leads to an increased 
formation of bile pigment and the resulting icterus^ As several have 
failed to find hemolysins in the blood, it may be said that the increased 
destruction of the red cells takes place in the spleen, which leads to an 
increased work of the spleen and therefore accounts for the spleno- 
megaly. This hemolytic theory is the one generally accepted to account 
for the symptom-complex. Troisier thinks that the fragility of the 
red cells depends on the fact that they have already become sensitized 
b)’- union with a hemolytic amboceptor. Hutchison and Panton,^° in a 
study of a case of the “congenital” type, think that the production of 
the defective red cells is a factor of considerable importance in the 
ultimate cause of this condition. Hawkins and Dudgeon^’- are also of 
the opinion that the primary change lies in the blood-forming organs 
and not in the biliary system. Widak^ and his school think that the 
red cells are destroyed in the blood and the bile pigment is formed 
there. The splenomegaly then results from the increased work due to 
bile destruction. Banti thinks the primary lesion is in the spleen. The 
view of Vaquez and Aubertin has found most favor. They believe the 
jaundice is due to the bilirubin circulating in the blood, which is pro- 

7. Pick: Wien. klin. Wchnschr., 1903, xvi, 493. 

8. Hayem ; Presse med., 1898, vi, 121 ; Bull, et mem. Soc. med. d. hop. de 
Paris, 1908, Series 3, xxv, 122. 

9. Chauffard : Bull, et mem. Soc. med. d. hop. de Paris, 1901, Series 3, xviii, 
444 ; Semaine med., 1907, xxvii, 25 ; Presse med., 1907, xv, 345 ; Bull, et mem. 
Soc. med. d. hop. de Paris, 1907, Series 3, xxiv, 1169 and 1367; Compt. rend. 
Soc. de biol., 1907, Ixiii, 672; Semaine med. 1908, xxviii, 49; Allg. Wien. med. 
Ztg., 1908, liii, 462; Bull. et. mem. Soc. med. d. Hop. de Paris, 1908, Series 3, 
xxv, 411; 1908, Series 3, xxvi, 94; 1909, xxvii, 293. 

10. Hutchison and Panton: Quart. Jour. Med., 1909, ii, 433. 

11. Hawkins and Dudgeon : Quart. Jour. Med., 1909, ii, 165. 

12. Widal : Bull, et mem. Soc. med. d. hop. de Paris, 1902, Series 3, xix, 984 ; 

1907, Series 3, xxiv, 1127, 1354; 1909, Series 3, xxviii, 73; 1908, Series 3, xxv, 

486; Gaz. d. hop., 1907, Ixxx, 1275; Presse med., 1907, xv, 641; Compt. rend. 
Soc. de biol., 1907, Ixiii, 346 ; 1908, Ixiv, 496 and 655 ; 1909, Ixvi, 927 and 950 ; 
Tribune med., 1907, xxxix, 711; Arch. d. mal. du coeur, 1908, 1, 193. 
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duced by the liver cells as a result of attempts to change the increased 
amount of pigment arising from the destruction of the corpuscles. 
Whipple and Hooper® claim, however, that hemoglobin can be con- 
verted into bile pigments without participation of the liver. Roth^® 
believes that hemolytic jaundice is a primary disease of the blood. 
Chauffard^'* thinks he has evidence pointing conclusively to an inherited 
taint, syphilis or tuberculosis, on which is added some abnormal action 
on the part of the spleen, as the factors responsible for congenital 
hemolytic jaundice. 

It was thought that a complete metabolic study of this symptom- 
complex might throw some light on this disease. This was especially 
desirable on account of the fact that very little work has been done in 
this condition, from the metabolic standpoint. Tileston and Griffen 
studied the total nitrogen, urea-nitrogen, ammonia-nitrogen, creatin 
and creatinin in a case of chronic family jaundice for a period of three 
days. On a creatin- and purin-free diet, they found that the creatinin 
and urea values were normal, those for ammonia somewhat high. 
They found about 0.06 gm. of creatin in the urine per day and think 
the endogenous uric acid is distinctly increased. They report only one 
estimation of the uric acid in the complete study, however, so this 
result cannot be considered conclusive. They found, also, that tests for 
alimentary glycosuria and levulosuria were negative or inconclusive. 

Minkowski’-® mentions that in a case of family hemolytic jaundice, 
Haal found an increased excretion of uric acid and a decided increase 
in the amount of iron in the urine. 

Certain metabolic studies have been carried out in Band’s disease. 
It will be recalled that the name “Band’s disease” is reserved for those 
cases in which liver enlargement is secondary to the progressive 
enlargement of the spleen and associated with recurrent attacks of 
anemia and repeated hemorrhages from the stomach and bowels. As 
this disease is somewhat similar to the case described in this paper, it 
will be of value to review the metabolism studies carried out in Banti’s 
disease. Umber’® found a toxogenic decomposition of protein in a 
case of Banti’s disease. He did not think it was due to the anemia 
present, but since the protein destruction disappeared after the removal 
of the spleen, he thought this destruction of the protein was due to a 
toxic agent produced in the spleen. This substance not only produced 
the anemia, but also affected the general metabolism of the organism. 

In another case, with similar clinical symptoms. Umber found a 
retention of nitrogen and periodic variations in the excretion of the 

13. Roth: Deutsch. Arch. f. klin. Med., 1912, cvi, 137. 

14. Chauffard: Ann. d. med., 1914, 1, 1. 

15. Minkowski: Diseases of Digestive System, edited by Billings, p. 349. 

16. Cited by Umber: Lehrbuch der Ernahrung, Berlin, 1909, p. 17. 
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urinary purin nitrogen. These values only slightly exceeded the upper 
limits for the normal excretion. The highest purin nitrogen excretion 
was 0.258 gm. Halpern/*^ in a case of splenic anemia, found that the 
average purin nitrogen excretion, on a purin-free diet, for a period of 
three days, was 0.253 gm. 


II. CLINICAL DATA 

Patient, — M. E. H., a girl aged 11, born in U. S. A., was first seen Nov. 26, 
1913. 

Family History, — Father, mother, one brother and two sisters are all living 
and well. No other member of the family is afflicted in the same manner as 
the patient. There is no history of consanguinity, alcoholism, lues, tubercu- 
losis or cancer. 

Previous History, — ^The patient had rubella, parotitis, varicella and pertussis. 
No history of scarlet fever or diphtheria. Tonsillitis several years ago. No 
pleurisy or pneumonia. Slight attack of bronchitis this winter. Six years ago 
had an acute illness, with temperature 106 for a few hours. On the second 
day the symptoms disappeared and in one week the patient was well. At this 
time the enlargement of the spleen was first noted. Patient has never been 
strong; was treated six years ago with x-rays for a period of two weeks. 

Present Illness, — Child has always had waxen color with a lemon tint. There 
has been no pruritus, no epistaxis, no dyspnea and no gastric symptoms. Bowels 
are regular, no diarrhea. Stools have been normal in color, but for two years 
after birth they were very green. The appetite is variable. No nausea or 
vomiting. Since her illness, six years ago, the spleen has been growing larger 
and the size is variable. The jaundice has been present since three or four 
weeks after birth. 

Chief Complaint, — Enlargement of the spleen and persistent jaundice. 

Examination, — General : The patient is underdeveloped and poorly nour- 
ished, weighing 63j4 pounds. The skin is of a lemon yellow color, and the 
mucous membranes are pale. There are no eruptions. The cervical glands of 
the left side are slightly enlarged; submaxillary glands are enlarged; the axil- 
lary and epitrochlears are not palpable. Temperature 98, pulse 112. 

Head: The nose, mouth and pharynx are normal. Tonsils large and ragged. 
The cranial nerves are normal, the teeth good, the thyroid not enlarged. 

Eyes : The conjunctivae have a lemon yellow color. The pupils react moder- 
ately slowly to light and accommodation. Nystagmus to the left. 

Chest; No deformities, no enlargement of thymus. 

Lungs : Clear throughout. 

Heart: Overacting. A blowing systolic murmur at the apex, over the pul- 
monary area, and transmitted to the left. The pulmonic second sound is 
accentuated. 

Abdomen: Moderately distended and tympanitic. No abnormal masses, no 
areas of tenderness nor rigidity. 

Liver: Extends from fifth space. The edge is palpalble one-half inch below 
the costal border in the mammary line. The edge is firm and normal in outline. 

Spleen: Extends forward to withjn one-half inch of midline and downward 
to the lower border of the umbilicus. 

Kidneys : Not palpable. 

Appendix and Colon: Negative. 

Extremities: No edema or tenderness over large bones. The knee-jerks 
are normal. 


17. Von Noorden: Metabolism and Practical Medicine, ii, 368. 
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Urine: Deep amber, clear, acid, specific gravity 1.021, no protein, no sugar, 
no bile, indican very slight. Microscopically contains a' few squamous epithe- 
lial cells and a few leukocytes and erythrocytes. 

Blood-Count: December 6, red blood-cells, 3,560,000; hemoglobin, 48 per 
cent. (Sahli N. S.) ; white blood-cells, 11,200; polynuclears, 78 per cent; small 
lymphocytes, 14 per cent.; large lymphocytes, 3 per cent.; transition als, 0.5 per 
cent; eosinophils, 4.0 per cent.; neutrophils, 0.5 per cent. The red corpuscles 
show a definite variation in size, poikilocytosis present in mild degree. The 
red corpuscles stain uniformly well. No abnormal granulations present One 
nucleated red corpuscle seen in making differential count of 200 cells. Blood 
platelets are present but relatively scarce. Blood-count: Feb. 14, 1914, hemo- 
globin, 55 Sahli (N. S.), red blood-cells, 3,740,000; white blood-cells, 12,600; 
polynuclears, 65 per cent. ; small lymphocytes, 24 per cent. ; large lymphocytes, 
6 per cent; transitionals, 2 per cent; eosinophils, 3 per cent Poikilocytosis, 
anisocytosis, variation in staining. Moderate number megalocytes, many micro- 
cytes, no nucleated reds. 

Stools : Negative for blood, parasites or ova. 

Wassermann reaction is negative. 

III. HEMOLYSIS TESTS OF PATIENT'’s BLOOD 

The work of Vaquez and Ribierre has demonstrated that in hon- 
ditions of obstructive jaundice, the erythrocytes have an increased 
resistance to hemolysis by hypotonic salt solution. Chauffard and 
others/^ in contrast to these results, found that the corpuscles in three 
cases of chronic acholuric icterus presented a greatly diminished resist- 
ance. Chauffard found that in normal individuals hemolysis started 
on addition of 0.44 per cent, sodium chlorid solution and was complete 
at 0.36 per cent. 

TABLE 1. — Hemolysis Tests of Patient’s Blood, Dec. 14, 1913* 


Strength of NaOi Solution in Per Cent. 


j 

0.375 

0.4 

1 

0.425 

0.45 

0.5 

0.525 

0,55 

0.575 

! 

0.6 ! 

0.625 

! 

0.65 

1 

0.9 

Patient's 
blood ' 

+++++ 

! 

+++++ 


+ +++ 

++++ 

+ +++ 

+++ 

+++ 

+++ 

++ 

1 

+ 

0 

Control 

normal 


++ 

' 0 

0 

0 

0 

1 

0 

i 

0 

0 

0 

i 

0 

0 


♦Washed cells used. In this table equals complete hemolysis; equals 

moderate hemolysis; equals slight hemolysis; equals very slight hemolysis; -h equals 

trace of hemolysis; 0 equals no trace of hemolysis. 


In testing the osmotic resistance of the red cells of this patient, the 
same technic was used as that described by Richards and Johnson.® 
Table 1 contains the results obtained in this study, showing that the 
red cells of this patient had a lessened resistance toward salt solution. 

18. Chauffard: Compt. rend. Soc. de biol., 1902, liv, 1074. Von Stejskal: 
Wien. klin. Wchnschr., 1909, xxii, 1701. Butler: Quart. Jour. Med., 1913, vi, 
145. Massaglia and Tarabina: Gazz. d. osp. e. de din., 1908, xxix, 778. Pel: 
Deutsch. Arch. f. klin. Med., 1912, cvi, 239. Maliwa ; Deutsch. med. Wchnschr.* 
1913, xxxix, 154. Roth: Deutsch. Arch. f. klin. Med., 1912, cvi, 137. Cade": 
Bull, et mem. Soc. med. d. hop. de Paris, 1908, xxv, 421. 
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IV. METABOLIC DATA 

The patient was placed on Folin's^^ diet in quantities of about one- 
half the original amounts. It consisted of : 

Whole milk, 300 c.c. ; cream, ISO c.c. ; malted milk, 100 gm. ; sugar, 10 gm. ; 
salt, 4 gm. ; butter, 5 gm. ; eggs (minus shell), about 240 gm. ; water, 1,000 c.c. 

This diet contains approximately 60 gm. of protein, 75 gm. of fat 
and 112 gm. of carbohydrate, yielding 1,395 calories or about 50 
calories per kilogram body weight of the patient. 

Two ounces of the above-described diet was taken out daily and 
the following constituents estimated: total nitrogen, phosphorus, sul- 
phur, iron, calcium and magnesium. The fat was estimated in the 
five-day sample, preserving 5 c.c. of each day’s mixture by means of 
two drops of liquor formaldehydi. 


TABLE 2. — The Nitrogen Metabolism- 


Date 

1913 

Vol. 

Acidity in Amt, 
of N/10 NaOH 
necessary to 
neutralize 
total urine 

Total 

Nitrogen 

gm. 

Urea Nitrogen 

Ammonia 

Nitrogen 

Creatinin t 

gm. 

%of 
total N. 

gm. 

%of 
total N. 

gm. 

Nitro- 

gen 

%ol 

total 

12/10 

950 

186.2 

7.02 

6.01 

85.6 

0.32 

4.5 

0.48 

0.174 

2.50 

12/11 

1100 

294.8 

8.32 

7.06 

84.8 

0.34 

4.0 

0.45 

0.163 

1.96 

12/12 

975 

327.6 

8.35 

7.04 

84.3 

0.35 

4.1 

0.36 

0.131 

1.57 

12/13 

1175 

305.5 

8.36 

7.12 

85.2 

0.38 

4.5 

0.44 

0.160 

1.91 

12/14 

880 

306.2 

8.40 

7.20 

85.7 

0.36 

4.3 

0.44 

0.160 

1.90 

12/15 

1050 

302.4 

8.10 

7-18 

88.6 

0.32 

4.0 

0.42 

0.152 

1.83 


* Creatin was not present in the urine at any time. 


A. The Method Used in Urine Analysis . — The nitrogen was esti- 
mated according to Kjeldahl, the total sulphur by Benedict’s^® method, 
total and ethereal sulphates by Folin’s^^ method, the inorganic sul- 
phates computed by subtracting the ethereal sulphates from the total 
sulphates and the neutral sulphur by subtracting the total sulphate 
sulphur from the total sulphur. The urea was estimated by Benedict’s-^ 
method. The ammonia by Folin’s method,-® the total phosphorus by 
the Neumann method,®^ weighing the phosphorus as magnesium pyro- 
phosphate. The iron was estimated by Neumann’s®® method, the total 
phosphates and earthy phosphates by titration with uranium acetate 


19. Folin, O. : Am. Jour. Physiol., 1905, xiii, 45. 

20. Benedict: Jour. Biol. Chem., 1909, vi, 363. 

21. Folin: Am. Jour. Physiol., 1905, xiii, li; Jour. Biol. Chem., 1906, 1, 131. 

22. Benedict: Jour. Biol. Chem., 1911, viii, 405. 

23. Folin: Ztschr. f. physiol. Chem., 1902, xxxvii, 161; Am. Jour. Phys., 1903, 
viii, 330. 

24. Neumann: Ztschr. f. physiol. Chem., 1902-03, xxxvii, 129; 1904-05, 
xliii, 35. 

25. Neumann: Ztschr. f. physiol. Chem., 1903, xxxvii, 114. 
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solution; creatinin and creatin by Folin’s methods^®; uric acid by 
Folin’s^*^ method ; calcium and magnesium by McCrudden’s^^ method ; 
amino-acid by Benedict and Murlin’s method,^® and total acidity by 
Folin’s method.^® 

B. Methods Used in the Analysis of the Food , — The nitrogen by 
Kjeldahl method; total sulphur by Wolff and Osterberg®" modification 
of Benedict’s method ; calcium and magnesium by McCrudden’s 
method, after ashing and extracting the ash with hydrochloric acid; 
the phosphorus and iron by Neumann’s method. The fat was estimated 
in a five-day period by Soxhlet extraction. 

C. Methods Used in Analysis of Feces . — The feces were marked 
off by means of carmin into a period of five days. The nitrogen was 
estimated by Kjeldahl method; sulphur by oxidizing with fuming acid. 


ND Urinary Nitrogen Partition * 


Uric Acid 

Amino-Acid 

Nitrogen 

Undetermined 

Nitrogen 

Peces 

Total Nitrogen 

Nitrogen 


Nitro- 

%of 


%Of 


%of 


%Of 

Intake 

Output 

Balance 

B. 

gen 

total N. 

gm. 

total N. 

gm. 

total N. 

gm. 

total N. 

gm. 

gm. 

gm. 

43 

0.143 

2.04 

0.08 

1.2 

0.29 

4.1 

0.77 

10.9 

8.04 

7.79 

4- 0.25 

35 

0,120 

1.44 

0.18 

2.2 

0.46 

5.5 

0.77 

9,3 

8.15 

9.09 


41 

0.137 

1.64 

0.15 

1.8 

0,54 

6.5 

0.77 

9.2 

8.25 

9.12 


33 

0.110 

1.32 


2.4 


4.7 

0.77 

9.2 

8.05 

9.13 


49 

0.143 

1.70 ' 

0.17 

2.0 • 


4.4 

0.77 

9.2 

8.25 

9.17 


41 

0.137 

1.70 

0.14 

1.7 


2.1 

0.77 

9.5 

8.37 

8.87 

— 0.60 


t Average creatinin coefBcient equals 5.9 mg. of creatinin-nitrogen per kilogram of body weight. 


followed by Benedict’s method; phosphorus and iron by the Neumann 
method ; calcium and magnesium by the same method as used for the 
food; the fat by Soxhlet extraction. Tables 2, 3 and 4 contain the 
results obtained in this study. 

Discussion of Table 2 . — In the period of five days, there was a loss 
of 4.06 gm. of nitrogen, which might be considered as evidence point- 
ing toward a toxogenic destruction of protein in this patient. The 
absorption of nitrogen is normal. The urinary nitrogen partition is 
normal with the exception of the uric acid, which shows a decided 
increase. This increase might be due to the fact that owing to the 
hemolysis of the erythrocytes, nucleoprotein is liberated from which 
the uric acid is formed and thereby an increased urinary excretion of 
endogenous uric acid is produced. This result speaks in favor of an 
increased destruction of the red cells as being a part of the condition. 


26. Folin : Ztschr. f. physiol. Chem., 1901, xxxii, 552. 

27. McCrudden; Jour. Biol. Chem., 1911, x, 187. 

28. Benedick and Murlin: Jour. Biol. Chem., 1913, xvi, 385. 

29. Folin: Am. Jour. Physiol., 1903, viii, 265. 

30. Wolf and Osterberg: Biochem. Ztschr., 1910, xxix, 429. 
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TABLE 3. — The Sulphur Metabolism and Urinary Sulphur Partition 


Date 

1913 

Yol. 

C.C. 

Total 

S. 

gm. 

Total sul- 
phate S. 

Ethereal sul- 
phate S. 

Inorganic sul- 
phate sulphim 

Neutral 

sulphur 

Eeces 

S. 

Suiphur 

gm. 

%of 
total S. 

gm. 

%0f 
total S. 

gm. 

%of 
total S. 

gm. 

%of 

total 

S. 

gm. 

Intake 

gm. 

Output 

gm. 

Balance 

gm. 

12/10 

950 

0.68 

0.68 

85.3 

0.18 

26.5 


58.8 


14.7 

0.166 


PH 

— 0.336. 

12/11 

1100 

0.79 

0.70 

88.6 

masm 

8.8 

0.63 

79.8 

0.09 

11.4 

0.156 

0.41 


— 0.38 

12/12 

976 

0.74 

0.64 

86.5 

0.14 

18.9 


67.6 

mSSM 


0.166 

0.54 


— 0.356 

12/13 

1176 

0.73 

0.61 

83.6 

0.13 

17.8 

0.48 

65,7 

0.12 

16.4 

0.166 

0.46 

0.886 

— 0,426 

12/14 

880 

0.75 

0.65 

86.6 

0.35 

46.7 


39.9 

0.10 

13,3 

0.166 

0.52 

0.906 

— 0.386 


Discussion of Table 5 . — The urinary sulphur partition is normal in 
character, with the exception o£ a marked increase in the excretion of 
the ethereal sulphates on the first and last days of the metabolism 
experiment. This is due, no doubt, to an increased intestinal putrefac- 


TABLE 4. — ^The Mineral Metabolism— 



Urine 

Peces 





Total 

Earthy 








phosphate P. 

phosphate P. 




Date 

OaO 

TVTcrn 

Ee 





Total P. 

OaO 




% of 


% of 



gm. 

gm. 



total P. 


total P. 


gm. 

■■ 

pM 

0.304 

0.292 

0.00877 

0.62 

91.2 

0.17 

24.7 

0.63 

0.76 

0.26 


0.426 


0.00872 

0.75 

96.1 

0.20 

25.6 

0.78 

0.76 

0.26 


0.434 


0.00874 

0.66 

94.3 

0.12 

17.1 

0.70 

0.76 



0.640 


0.00871 

0.66 

88.0 

0.34 

45.3 

0.75 

0.76 


|S3 

0.258 

|j|il 

0.00881 

0.60 

92.3 

0.24 

36.9 

0.65 

0.76 



tion. In the five days the patient lost 1.88 gm. of sulphur. This would 
be expected on account of the fact that our patient was also losing 
nitrogen. 

Discussion of Table 4 . — In the five-day metabolism experiment the 
patient lost 0.482 gm. of calcium oxid and 0.924 gm. of magnesium 
oxid. There was a phosphorus retention of 0.07 gm., and the amounts 
of total phosphates and earthy phosphates may be considered normal. 
There was also an iron loss of 0.1199 gm. The metabolism of iron in 
the case studied is of special interest on account of the relation of the 
spleen to the disintegration of red cells, and also on account of the 
increased hemolysis present in this disease.^^ 

To interpret our results, it will be necessary to review briefly some 
of the more important papers that have appeared on the metabolism 
of iron. Lehmann, Muller, Munk, Senator and Zuntz®^ in 1893 pub- 
lished an extended study of the metabolism of the professional fasters, 

31. For discussion of iron in food and its function in nutrition see Sherman; 
Bulletin 185, U. S. Dept. Agric., Off.- Exper. Sta., 1907. 

32. Lehmann, Muller, Munk, Senator and Zuntz: Arch. Path. Anat. u. Phys. 
(Virchow), 1893, p. 131, Supp. 
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Cetti and'Breithaupt. During a ten-day fast, Cetti lost 7.3 mg. iron 
in the feces per day. Breithaupt fasted six days and lost 7.7 mg. iron 
in the feces per day. Stockman and Grieg^^ studied three normal 
cases and one chlorotic as regards the iron metabolism. Their results 
may be seen in Table 5. 


TABLE 5. — Iron Metabolism in Cases of Stockman and Grieg 


Experi- 

ment 

No. 

1 

Subject 

Age 

Iron in 
Food 
mg, ! 

! 

Iron in 
Feces 
mg. 

Iron in 
Urine 
mg. 

Bal- 

ance 

mg. 

1 

man 

20 

6.2 1 

5.07 

1.27 

~ O.U 

2 i 

man 1 

35 

6.2 1 

8.10 

1.23 

— 3.13 

3 

man | 

20 

5.6 

10.87 

0,67 

— 5.91 


— (Calcium, Magnesium, Phosphorus and Iron) 


Feces 


Balance 


Phos- 

phorus 

gm. 

1 Iron 

gm. 

! Calcium 

i oxid 

Magnesium 

oxid 

Phosphorus 

i Iron 

Intake 

gm. 

Balance 

gm. 

Intake 

gm. 

Balance 
gm. 1 

Intake 

gm. 

Balance 

gm. 

Intake 
gm. I 

Balance 

gm. 

0.48 

0.02396 

0.93 


0.32 

— 0.292 : 

mm 

+ 0.04 

1 

0.0084 ! 

— 0.0234 

0.48 

0.02396 

0.93 


0.3S 



-f 0.04 

0.0096 1 

— 0.0231 

0.48 ; 

0.02396 : 

1.04 


0.36 

— 0.166 1 

1.15 

— 0.03 

0.0088 

— 0.0239 

0.48 : 

0.02396 

1.20 

— 0.20 

0.34 


1.17 

— 0.06 

0.0084* 

— 0.0244 

0.48 

0.02396 

1.28 

+ 0.262 

0.32 ' 

— 0.148 

1.21 ! 

4- 0.08 

0.0086 

— 0.0242 


Von Wendt^^ has reported six metabolism experiments, covering 
thirty-five days, in which the income and outgo of iron was determined. 
He estimates that an average mixed diet will contain from 20 to 30 mg. 
of iron. His results are presented in Table 6. 


TABLE 6. — Iron Metabolism in von WendPs Cases 


Experiment 

No. 

Iron in Food 
gm. 

1 

Iron in Feces ! 
gm. 1 

1 

Iron in Urine ! 
gm. 

Balance 

gm. 

1 

! 0.100 

0.008 i 

0.001 

-f 0.001 

2 

0.006 

0.010 

0.001 

— 0.005 

3 

0.016 

0.013 ! 

0.001 

+ 0.002 

4 

0.008 

0.008 

0.001 

— 0.001 

5 

0.017 

0.041 


— 0.025 

6 (a) 

0.016 

0.015 


0 

6 (b) 

0.007 

0.015 


— 0.009 


y 

33. Stockman and Greig: Jour. Physiol., 1897, xxi, 55. 

34. Von Wendt: Skand. Arch. Physiol., 1905, xvii, 211. 
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Sherman’s results on the metabolism of iron are given in Table 7. 

In closing, Sherman claims that the amount of- iron metabolized in 
the body so as to be eliminated, in health is -small, in fasting experi- 
ments 7 or 8 mg. ; in metabolism experiments with restricted diets from 
5.5 to 12.5 mg. per day, and that the amount of food-iron required for 
the maintenance of the equilibrium in healthy men lies between 6 and 
12 mg. per day. 

TABLE 7. — Iron Metabolism 


Experiment 

No. 

1 

Iron in Eood 
daily 

Iron in Feces 
daily 

Iron in Urine 
daily 

Balance 

daily 

1 

0.0057 

0.0053 

0.0002 

+ 0.0002 

2 

0.0065 

0.0085 

0,0002 

— 0.0022 

3 

0.0071 

0.0124 

0.0002 

— 0.0055 


At present, since the work of Neumann^" and of Neumann and 
Mayer,^° about 1 mg. of iron, in the urine, for a period of twenty-four 
hours, is considered the normal output. In diseases of the blood, the 
following results have been obtained as regards the urinary excretion 
of iron. Zander®^ claims to have found a decided decrease in the 
urinary iron in chloranemia. Quincke,^'^ however, showed that the 
excretion of iron was increased in the beginning of the disease, while 
later there was a lessened excretion. Lehmann^^ also found an increased 
excretion. Hunter^® and Jolles and Winkler®® have reported marked 
reductions in the urinary excretion of iron in chloranemia. Hunter^® 
found a marked increased in the excretion of iron in pernicious anemia, 
at one time 32.26 mg. were excreted daily in the urine. Damaskin,®’ 
in pernicious anemia, reported an increased excretion, while Hopkins^^ 
found the excretion varied from traces to 8.3 mg. per day. In leu- 
kemia, an increased excretion of iron has also been found.^® On com- 
paring the results obtained as regards the iron metabolism in the study 
of this case of hemolytic jaundice with splenomegaly, with the results 
summarized above, it can readily be noted that there is a marked 
increase in the excretion of urinary and fecal iron, as would be 

35. Neumann: Ztschr. f. physiol. Chem., 1903, xxxvii, 114. 

36. Neumann and Mayer: Ztschr. f. physiol. Chem., 1903, xxxvii, 2 and 143. 

37. Cited from Kennerknecht : Virchow’s Arch. f. path. Anat., 1911, ccv, 89 
(contains the literature)-. 

38. Hunter: Brit. Med. Jour., 1890, ii, 1. 

39. Jolles and Winkler : Arch. f. exper. Path. u. Pharm., 1900, xliv, 464. 

40. Hunter: Practitioner, 1889, xliii, 161, 321, 401. 

41. Hopkins: Guys Hosp. Reports, 1894, vii, 373. 

42. Hoffmann: Zeit. f. anal. Chem., 1901, Ixxiv, 40. 
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expected in a disease in which we have a hemolytic jaundice combined 
with an increased fragility of the red cells, and that the increased 
excretion is due to the liberation of the iron from the broken-down 
red cell. 

TABLE 8. — The Fat Metabolism* * * § ** 


Date 

12/10-12/14 


Fat (gm.) in feces 

Per cent, of fat in dried stool 

Per cent, of fat intake 

Per cent, of fat absorbed 

Intake of fat (gm.) 

Per cent, of neutral fat in stool fat.. 

Per- cent, of fatty acid in stool fat 
Per cent, of soaps in stool fat 

♦ Cholesterol not included. 

Discussion of T able 8 . — The fat metabolism is normal in character, 
with an absorption of 90.9 per cent, of the ingested fat. The amount 
of neutral fat, fatty acids and soap in the stool is normal, thereby 
excluding this as the cause for the loss of the calcium and magnesium. 


18.0 

26.2 

9.1 

90.9 

165 

37 

27 

36 


TABLE 9. — Tests of Urine and Feces for Urobilin, Urobilinogen. 

Bilirubin and Hemoglobin * * 




Urine 



Feces 


Date 
















Urobilin* 

Urobilinogen* 

Bilirubinf 

Hemoglobint 

Urobilinf 

Bilirubin t 

Hemoglobin! 

12/ 6 

0 

4- 

0 

0 

4* 

0 

0 

12/ 8 

4- 

4- 

0 

0 

+ 

1 0 

0 

12/10 

i 

0 

+ 

0 

0 

4- 

1 

0 

0 

12/11 

-f 

4- 

0 

0 

4* 

0 

0 

12/12 

0 


0 

1 

0 

+ I 

j 

0 ! 

! 

0 

12/13 

4- 

4~ 

0 

0 

4- i 

0 ! 

0 

12/14 

4- 

+ 

0 

0 

+ 

0 

0 

12/15 

4- 

4- 

0 

0 

4- 

0 ' 

0 

12/16 

4- 

4- 

0 

0 

4* 

0 

0 


* Dimethylamidobenzaldehyd and spectroscopic tests used, 

t Nakayamas and Gmelin’s tests used. 

X Schmidt’s test used. 

§ Spectroscopic and benzidene tests. 

** In this table the sign + stands for present and 0 for absent. 
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Discussion of Table p . — Although urobilin is present in the urine 
normally, in small quantities, its presence cannot be detected by the 
tests used. A positive reaction with Ehrlich aldehyd reagent or with 
Schlesinger’s zinc acetate test usually means that there has been either 
an abnormal destruction of red blood-cells or an insufficiency of the 
liver to perform its normal function.^^ We think, therefore, that the 
marked reaction for urobilin in the feces and urine of our case may be 
taken as an indication of the increased hemolysis present in this con- 
dition, In the case studied by McPhedran and Orr,^^ they found six 
times as much urobilin in the feces as in the stools of a normal control. 
Moller^'^ found also that the total urobilin excretion in the urine and 
feces is greatly increased (400 mg.’ in twenty-four hours). It may 
also be noted that blood and bile pigments were absent from the urine 
and feces. 

V. SUMMARY 

1. A case of congenital hemolytic jaundice with splenomegaly and 
increased fragility of the red cells is described together with a metab- 
olism experiment. 

2. In a metabolism experiment of five days, there was a loss of 
4.06 gm. of nitrogen, while the urinary nitrogen partition is normal 
in character with the exception of the uric acid nitrogen, which is 

' increased. The absorption of nitrogen was normal. 

3. The urinary sulphur partition is normal in character with occa- 
sional increased excretions of ethereal sulphates. In the five days 
there was a loss of 1.88 gm. of sulphur. 

4. In the five days there was a loss of 0.482 gm. of calcium oxid 
and 0.924 gm. of magnesium oxid. There was a phosphorus retention 
of 0.07 gm., while the amounts of' earthy phosphates and total phos- 
phates may be considered normal. 

5. There was a loss of 0.1199 gm, of iron in the five days, with 
marked increased amounts of iron excreted in the urine and feces, 

6. The fat metabolism was normal, with an absorption of about 
91 per cent, of the ingested fat. The amounts of neutral fat, fatty 
acids and soaps in the stool were normal. 

7. Urobilin and urobilinogen were present in the urine and feces. 
Bilirubin and hemoglobin were absent from the urine and feces. 

519 North Highland Avenue — 5737 Forbes Street. 

43. For a complete discussion of urobilin see Wilbur and Addis: Urobilin: 
Its Clinical Significance, The Archives Int. Med., 1914, xiii, 235. 

44. McPhedran and Orr: Canad. Med. Jour. Assn., 1913, iii, 14. 

45. Moller: Berl. klin. Wchnschr., 1908, xlv, 1639. 



FUNCTIONAL CHANGES IN EXPERIMENTAL 
HYDRONEPHROSIS'* 


N. M. KEITH, M.D., and R. 'R. SNOWDEN, M.D. 

BALTIMORE 

The effects of back-pressure on the kidney have been studied by 
a number of investigators in the clinical, physiological and pathological 
fields. The records of experimental and clinical cases show that with 
partial or complete occlusion of the ureter hydronephrosis almost 
invariably results. Instances in which atrophy has occurred have 
been reported, but a careful study of the records reveals but few in 
which there was a true, primary atrophy — that is, one that was not 
preceded by a temporary hydronephrosis. A thorough, review of the 
literature on this point has recently been presented by Scott.^ 
Kawasoye,^ in a publication that appeared at about the same time, 
discusses at length the difficulty of producing complete atresia of 
the ureter. His own method consisted in tightly knotting the ureter 
and ligating the free end. In ten rabbits so treated, the histological 
evidences of hydronephrosis were found in every instance, the dura- 
tion varying from two to seventy days. 

As regards the physiological effects of back-pressure on the kid- 
neys, the work of previous investigators is here reviewed, because 
the experimental studies presented in this article are essentially func- 
tional. Their methods of procedure can b^ grouped into two classes, 
fundamentally different one from the other. In the first group the 
methods, in general, consisted in establishing a constant pressure in 
one ureter and comparing the secretory ability of this kidney with that 
, on the opposite side. The determinations were not preceded by any 
prolonged back-pressure, and consequently the results represent sim- 
ply the ability of a normal kidney to secrete against an increased 
pressure. In the second group one ureter was ligated, and after a 
varying length of time the obstruction was released and the functional 
capacity of the two sides compared. The latter methods give rise to 
conditions that approach more nearly a true pathological picture, for 

* Submitted for publication July 30, 1914. 

*From the Medical Clinic of the Johns Hopkins Hospital and the Pharma- 
cological Laboratory of the Johns Hopkins Medical School. 

1. Scott, G. D. : Experimental Hydronephrosis, Surg., Gynec. and Obst., 
1912, XV, 296. 

2. Kawasoye, M. : Experimentelle Studien zum kiinstlichen Ureterverschluss 
Ztschr. f. Gynak.; Urol., 1911-1912, iii, 172. 
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the results represent the functional derangement following the dam- 
age to the kidney by prolonged intrapelvic pressure. 

First Group. — Hermann,^ working in Ludwig’s laboratory, in 
1859, found that an intra-ureteral pressure of less than 50 mm. of 
mercury resulted in a diminution in the flow of urine and in the secre- 
tion of urinary solids. A pressure above 50 mm. of mercury caused 
a complete suppression. Lepine and Porteret,^ experimenting on dogs, 
found that with intra-ureteral pressures of from 20 to 45 cm. of 
water, the secretion of water and chlorids was diminished. They 
note the interesting fact that when the pressure was low the diminu- 
tion in the amount of urea was relatively more marked than that of 
the water and chlorids, while with higher pressures the water and 
chlorids were more diminished than the urea. Lindemann,® working 
on dogs, found that with a pressure in one ureter of from 10 to 43 
cm. of water, the amount of urine and urea was lessened, as com- 
pared with the other side, while the sodium chlorid remained 
unchanged. With a pressure below 50 mm. of mercury the blood-flow 
through the kidney was unaffected, but with one of from 50 to 210 
mm. the flow was retarded. Schwartz® reported in 1902 that the kid- 
ney (in dogs) under a back-pressure of from 10 to 25 cm. of water 
secreted more urine, but of a lower specific gravity; although the 
concentration of urea,' nitrogen and sodium chlorid was less, the abso- 
lute output of these substances was greater on account of the increased 
volume of urine. After the injection of phloridzin, reducing bodies 
were more marked in the urine from the pressure side. Methylene 
blue appeared simultaneously from both ureters. Under the influence 
of diuretics, sodium chlorid or sodium iodid, the amount of urine 
which flowed from the affected side was double that from the other, 
the percentage of chlorids and iodids less, while the absolute amount 
was greater. If the pressure was maintained beyond the usual time 
(from seventy-five to 150 minutes) or if it was raised, diuresis 
stopped. Working on rabbits he found that a pressure of from 2 to 3 
cm. of water stopped the secretion. Cushny^ worked on rabbits and 

3. Hermann, M., quoted from Cohnheim : Lectures on General Pathology, 
translation by A. B. McKee, London, 1890, p. 1223; Back Pressure on the 
Ureter and Its Effects on Urinary Flow, Sitzungsberichte der Wiener Akademie, 
xxxvi, 1859. 

4. Lepine and Porteret : Sur la composition de I’urine secretee pendant la 
duree d’une contre pression exercee sur les voies urinaires, Compt. rend. Acad, 
d. Sc., 1888, cvii, 74. 

5. Lindemann, W. : Ueber die Wirkung der Gegenruckerhohung auf die 
Harnsecretion, Z. path. Anat. u. allg. Path., 1897, xxi, 500. 

6. Schwartz, Leo : Ueber Harnveranderung nach Ureterbelastung, Zentralbl. 

1 . Physiol., 1902, xvi, 281. 

7. Cushny, A. R. : On Saline Diuresis, Jour. Physiol., 1902, xxviii, 431. 



N. M. KEITH— R. R. SNOWDEN 


241 


found that with a pressure of 30 mm. of mercury, after the intraven- 
ous injection of sodium chlorid and sodium sulphate, the volume of 
urine and the concentration of the chlorids and sulphates was less 
from the affected side. Later the same investigator reported® a repe- 
tition of these experiments on dogs, with the same findings. Filehne 
and RuschhaupF found that in rabbits a pressure in one ureter of 
from 7 to 27 cm. of water caused uniformly a diminution in the 
amount of urine from that -side, diuretics having been injected. On 
release of pressure there followed a greater urinary flow from the 
affected side than from the normal one. Brodie and Cullis,^® working 
on decerebrated dogs, found that a back-pressure of from 10 to 20 cm. 
of water in one ureter caused an increased flow of urine and an 
increased elimination of sulphates during the diuresis caused by the 
injection of sodium sulphate. This effect is most marked at 10 cm. of 
water, and they placed the limits of increased secretion at from 10 
to 20 cm. They confirm the observation of Schwartz that the excre- 
tion of reducing bodies, following the injection of phloridzin, is 
greater from the pressure side. 

Second Group. — ^Heidenhain’^’- tied one ureter (in rabbits), and 
after twenty-four hours injected indigocarmin. As soon as the dye 
appeared in the urine from the normal side, the animal was killed 
and the deposition of the indigocarmin in the two kidneys was studied 
grossly and microscopically. He notes that in all cases the ureter 
was distended above the ligature and the kidney on that side was 
edematous. The blue dye was evident, grossly, in both kidneys but 
v/as distinctly less in the affected one. Microscopic examination showed 
that while clumps of the carrnin were lying in the lumen of the tubules, 
yet the blue granules were not present in the tubular cells as in the 
normal kidney. Lindemann^^ ligated the ureter on one side, and after 
an hour and a half studied the excretion of indigocarmin from the 
two kidneys. He found that there was a diminution in the amount 
of the dye excreted by the affected side. Pfaundler^® tied the ureter 

8. Cushny, A. R. ; Acid Secretion by the Kidney, Jour. Physiol., 1904, xxxi, 
188. 

9. Filehne and Ruschhaupt: Die Diurese bei Abflusserschwerung, Arch. f. 
Physiol., 1903, xcv, 409. 

10. Brodie, T. G., and Cullis, W. C. : On the Secretion of Urine, Jour. 
Physiol., 1906, xxxiv, 224. 

11. Heidenhain, R. : Versuche iieber den Vorgang der Harnabsonderung, 
Arch. f. Physiol., 1874, ix, 10. 

12. Lindemann, W. : Ueber Veranderungen der Nieren infolge von Ureter- 
unterbindung, Ztschr. f. klin. Med., 1898, xxxiv, 299. 

13. Pfaundler: Ueber die durch Staung im Ureter zu Stande kommende 
Veranderung der Harnsecretion, Beitr. z. Chem. Phys. u. Path. (Hofmeister’s), 
1902, No. 2, p. 330. 
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on one side (in dogs), and after varying intervals of time (from fifteen 
minutes to six hours), collected the fluid which had accumulated 
behind the ligature and compared it with that secreted by the other 
kidney during the same period. He found that the volume of urine 
was greater, but that the concentration of urea and sodium chlorid 
was less. Bainbridge^^ ligated one ureter (in cats) and after vary- 
ing intervals of time anesthetized the animal, measured the pressure 
in the ureter and tested the fluid that had accumulated back of the 
obstruction. He then emptied the pelvis, effected diuresis by the 
injection of salt, and collected the urine from the sound and the hydro- 
nephrotic kidney. He found that the secretory power of the affected 
kidney, as evidenced by the amount of water and solids collected, 
steadily diminished from day to day but was not entirely lost at the 
end of two months. If tested within a few days the damaged kidney 
sometimes secreted more water, but the nitrogen total was always 
low. The ability to excrete acids, also, was impaired. Kawasoye^ 
tied off one ureter in each of nine rabbits, killing them at intervals 
varying from a few hours to a month ; in each case indigocarmin was 
injected twenty minutes before death. Histological examination 
showed that the dye was present in the tubular epithelial cells in 
decreasing amounts up to twenty-four hours, and after forty-eight 
hours none was seen. In another series of seven rabbits the obstruc- 
tion was relieved at varying intervals of time, and it was found that 
complete restoration of functional ability, as shown by indigocarmin 
as a test, took place after four days, incomplete restoration after 
from seven to fourteen days, and after twenty-one days no dye at all 
was secreted. Steyrer^'^ reports two clinical cases in which a partial 
atresia of one ureter was caused by a unilateral ureterovaginal fistula. 
The urine was collected from the two sides simultaneously and 
studied. He observed that in both cases the urine from the affected 
side was increased in amount but of a lower specific gravity and 
molecular concentration than that from the normal side. 

As a result of the work of these investigators it is quite clear that 
increased back-pressure on the kidney will cause definite functional 
changes. The amount of urine secreted apparently varies with the 
degree of intra-ureteral pressure, there being, with low pressures, an 
increased flow, while with higher pressures, the flow is diminished. 
With but one exception (Brodie and Cullis) there is reported a 
decrease in the concentration of solid constituents. The excretion of 
indigocarmin is materially reduced, as agreed by all. 

14. Bainbridge, F. A. : The Effects of Ligature of One Ureter, Jour. Path, 
and Bacteriol., 1906, xi, 421. 

15. Steyrer, Anton : Ueber Osmotische Analyse des Hams, Beitr. z. chem. 
Phys. u. Path. Hofmeister’s, 1902, No. 2, 312. 
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The effects produced by back-pressure, extending over a longer 
period of time than the foregoing experiments — conditions more 
nearly approaching that met clinically, have not been previously 
undertaken. For this reason we present a study of the functional 
changes that occur from day to day in an animal when the only devia- 
tion from normal is an increased intra-ureteral pressure. 

METHOD OF PROCEDURE 

In order to study the effects of increased back-pressure on the 
kidney in the living animal, over an extended period of time, three 
procedures are open : first, to obstruct the urethra ; second, to produce 
a partial occlusion of both ureters, or, third, to produce an obstruc- 
tion in one ureter, with removal of the kidney on the other side. The 
latter method was considered to be the most reliable, in that evidences 
of functional changes could be definitely attributed to the involve- 
ment of the one kidney. Before adopting it, however, a unilateral 
nephrectomy was performed in two dogs and the functional tests 
carried out several times during the succeeding two weeks. No change 
from the normal was found. 

Several devices for producing a partial obstruction of the ureter 
were then tried. Rigid bands, sections of silk urethral catheters, 
were at first used, being placed about the ureter and held in position 
by silk sutures. This method proved to be unsatisfactory, in that it 
entailed stripping a short length of the ureter, resulting in a localized 
edema and marked narrowing. 

Elastic bands were next employed, the use of which was suggested 
by Scott’s work,^ and a preliminary trial on the ureter of a dog which 
had just been killed, gave promise of success. The kidneys, ureters 
and bladder were dissected free, placed in their normal relations in 
warm, phyiological saline solution, and the experiment conducted as 
follows: A rubber band, 1.5 mm. in width and 1 mm. in thickness, 
was placed about the ureter, from 3 to 4 cm. above its entrance into 
the bladder, the ends of the elastic being held together by silk suture. 
The bladder was laid open so that the ureteral orifice was plainly vis- 
ible at the trigone. A cannula was inserted into the ureter above the 
obstruction. To this cannula was attached a water manometer, the 
fluid, normal saline, being colored by an indicator, and the pressure 
determined at which the fluid escaped past the obstruction. When the 
elastic band was tightly fixed about the ureter, but without tension, it 
was found that a water pressure of 100 cm. was necessary before the 
fluid passed the obstruction ; whereas when the elastic band was more 
loosely placed — that is, when a definite clear space could be seen 
between the ureteral wall and the point where the silk ligature held the 
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ends of the rubber band — the ureter became permeable at a pressure 
of from 20 to 30 cm. of water. In light of the results of previous 
investigators we considered this to be the pressure most likely to pro- 
duce the desired effects. 

This method was then applied to the living animal, as follows : 

Dog 15. — A small, black, male dog, weighing 5.5 kg., was operated on in the 
following manner: The abdominal wall was shaved and the skin cleaned in the 
usual way. Rigid, aseptic surgical technic was employed throughout. IJnder 
ether anesthesia the abdomen was opened in the median line, the intestine packed 
off, the left kidney decapsulated, and the stalk containing the renal artery, vein 
and ureter was ligated and sectioned. Following left nephrectomy, the right 
ureter was palpated just above its entrance into the bladder wall and a rubber 
band was passed around it and tied as described above.^^ The abdominal wall 
was closed in three layers with continuous silk sutures. As it was impossible 
to catheterize such a small male animal no functional studies were performed 
in the next week, the urine only being examined in the routine manner for 
albumin and casts. The animal passed at least an average daily amount of 
urine and appeared to be in good health. The full allowance of meat and water 
was taken and there was no loss of weight. One week after the operation the 
dog was killed, and a definite enlargement of the right ureter above the band, 
with a moderate hydronephrosis and enlargement of the right kidney was 
found. The capsular veins were enlarged and very prominent. Otherwise the 
necropsy revealed nothing abnormal, there being no evidence of infection in 
the urinary tract or elsewhere in the body. 

The pressure of water necessary to overcome the obstruction was then deter- 
mined in the manner previously described. This pressure was found to be 30 
cm. of water. Histologically, the right kidney showed marked and uniform 
dilatation of the tubules of the pyramids. The convoluted tubules were but 
slightly dilated and their epithelium was columnar. Few casts were seen. The 
glomeruli showed no change. The walls of the larger blood-vessels were 
thickened. 

The method proving satisfactory, we proceeded to apply it to female dogs 
and study the renal function before and after operation. In only one of the 
seven submitted to this procedure did the method fail to produce the desired 
effect. In this instance. Dog 13, the elastic band was placed too tightly about 
the ureter, and although the animal passed between 100 and 200 c.c. of urine 
in forty-eight hours, anuria then developed, followed by the typical course of 
complete renal insufficiency as observed in dogs. The pressure necessary to 
overcome the obstruction, determined at necropsy, amounted to 70 cm. of water, 
much above that determined at the necropsies of the remaining six animals. 
There was moderate distention of the ureter above the obstruction with definite 
dilatation of the pelvis of the kidney. The whole organ was larger than the 
one previously removed from the other side. The capsular veins were engorged. 

Histological Examination : The glomerular capsules were dilated and the 
tufts did not fill the capsular space. The tubules in general were slightly dilated, 
although this was not so marked as the glomerular change. The tubules were 
filled with amorphous, pink material which suggested forming casts. The 
epithelium of the tubules was swollen and watery, the differentiation between 
the epithelium and masses of exudate being very poor. The interstitial tissue 
was less conspicuous than normal. 

16. More accurate methods of estimating this pressure at operation are being 
considered. 
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METHODS USED IN THE FUNCTIONAL STUDIES 

The dogs were kept in metabolism cages, given a constant diet, 200 gm, of 
ground beef, and allowed to drink as much water as they desired. The beef 
was frequently analyzed for the total nitrogen content. It is to be emphasized 
that only in one or two instances was water forced. A twenty-four-hour speci- 
men of urine was collected, the dog being catheterized at the beginning and 
end of this period. When the phenolsulphonephthalein or other tests were per- 
formed, a portion of the urine collected by catheter was added to the total col- 
lection. It was observed in the first experiment that one of the most striking 
features was the accumulation of incoagulable nitrogen in the blood. Conse- 
quently, a nitrogen partition of the twenty-four-hour specimen of the urine was 
determined daily in conjunction with the frequent estimation of the incoagu- 
lable nitrogen in the blood. The total nitrogen in the urine was determined 
by the usual Kjeldahl-Gunning method, the urea by the method described by 
MarshalP and the ammonia nitrogen by Folin’s aeration method. The urea 
and ammonia determinations were sometimes omitted because of putrefactive 
changes occurring in the urine in spite of the constant use of toluene. The 
urine was tested periodically for reducing substances with Fehling’s solution 
and for albumin with the heat and acetic acid, and Heller’s test. The urinary 
sediment was also examined at the same time for casts, cells, etc. 

The phenolsulphonephthalein test of Rowntree and Geraghty was employed 
according to their original technic.^ The urine was collected at the end of 
one or two hours, by catheter, and the percentage of the dye excreted deter- 
mined colorimetrically. It is recognized that the residual urine lying behind 
the obstruction should have a tendency to decrease the absolute amounts of 
phenolsulphonephthalein recovered within a definite time after injection. To 
eliminate this factor as much as possible, water was forced as a routine, insur- 
ing free diuresis and rapid passage of urine into the bladder. This does not 
entirely correct the error, but it remains a constant one, and changes in the 
amounts of phenolsulphonephthalein and lactose recovered from the bladder 
indicate corresponding changes in the amounts excreted by the kidney. 

The lactose test was carried out according to the method described by 
Schlayer,^ 2 gm. being injected intravenously. 

The phloridzin test, advocated of late years by Roth,"® was used in the 
course of the experiments, 5 mg. being injected intramuscularly according to 
his technic. 

The incoagulable nitrogen and urea content of the blood was determined 
at frequent intervals. The blood was taken according to the method used by 
Folin and Denis,^ specimens being drawn into 5 c.c. pipets. One specimen 
of 5 c.c. for the estimation of incoagulable nitrogen was placed in a 50 c.c. 
measuring flask and 95 per cent, alcohol added up to the mark. The second 
specimen of 5, c.c. was run into a test-tube containing 1 c.c. of a 1 per cent, 
sodium oxalate solution; the urea content of this specimen was determined at 

17. Marshall, E. K. : A Rapid Clinical Method for the Estimation of Urea 
in the Urine, Jour. Biol. Chem., 1913, xiv, 283. 

18. Rowntree, L. G., and Geraghty, J; T. : The Phthalein Test, The Archives 
Int. Med., March, 1912, p. 284. 

19. Schlayer and Takayasu: Untersuchungen fiber die Function kranker 
Nieren, Deutsch. Arch. f. klin. Med., 1910, xcviii, 17. 

20. Roth, Max: Welchen Wert hat die Phloridzinmethode ffir die Funtionelle 
Nierendiagnostic? Verhandl. d. deutsch. Gesellsch. f. Urol., Third Kongress, 
1911, p. 192. 

21. Folin, Otto, and Denis, W. : New Methods for the Determination of Non- 
Protein Nitrogen, Urea and Ammonia in Blood, Jour. Biol. Chem., 1912, xi, 527. 
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once according to MarshalFs method.^ This procedure being carried out so 
soon after withdrawal, the ammonia content of the blood could be neglected. 
After leaving the first specimen in 95 per cent, alcohol for at least twenty-four 
hours, the nitrogen content of the filtrate was determined, using the micro- 
method of Folin and Denis.”^ Their method was slightly modified in that to 
recover the ammonia after digestion, combined distillation and aeration was 
used instead of an air current.^ 

The depression of the freezing point in the blood-serum was determined with 
the Beckmann apparatus. 

The histological technic was as follows: The tissues recovered at necropsy 
were fixed in 4 per cent, solution of formaldehyd. Sections were cut from 
paraffin blocks and stained in hematoxylin and eosin. 

The following condensed protocol is given as illustrative of the usual course 
that followed ureteral obstruction. For the daily routine examination of the 
blood and urine, see Table 8. 

Dog 19. — Black and white female, fox terrier, weight 7.7S kg. May 22, 1914: 
Urine shows nothing abnormal on routine clinical examination. Phenolsulphone- 
phthalein, 88 per cent, in two hours. Lactose normally excreted in four hours. 
Total nitrogen in urine for past three days averaged 6.88 gm. 

May 25, 9 a. m. : Blood analysis: Total incoagulable nitrogen 27 mg. and 
urea nitrogen 13 mg. per hundred c.c. of blood. 3 p. m. : Under ether anes- 
thesia, left nephrectomy with placing of elastic band about right ureter 3 cm. 
above the bladder. General condition following the operation excellent. 

May 30: The dog has made an excellent and rapid recovery from the oper- 
ation five days ago. The wound has healed by first intention. The full allow- 
ance of food and water has been taken daily, and objectively the dog is per- 
fectly normal. The phenolsulphonephthalein excretion has steadily diminished 
until to-day it is 35 per cent, in two hours ; the blood nitrogen likewise increased 
until it now stands at 102 mg. per hundred c.c. ; the urea nitrogen is 69 mg. 
per hundred c.c., being a well-marked increase in its percentage of the total 
nitrogen. The average daily output of urine has about doubled that recorded 
before operation. The daily excretion of nitrogen in the urine has remained 
practically the same, averaging 6.27 gm. in twenty-four hours. 

June 5 : For the past four days the dog has not taken its allowance of 
meat, but has drunk the full 300 c.c. of water. This is the only symptom of any 
possible general disturbance, the animal being quite lively. Lactose delayed until 
eight hours. Phenolsulphonephthalein excretion shows little change (30 per 
cent, in two hours). The incoagulable nitrogen in the blood has dropped to 76 
mg. per hundred c.c. The dog has lost 450 gm. in weight since May 30, 1914. 
For the past two days the polyuria has almost ceased. The daily output of 
nitrogen in the urine has dropped to 3.58 gm. This corresponds fairly accu- 
rately to the lessened intake of nitrogen. 

June 8: Weight, 7.15 kg. Nitrogen in blood has increased to 96 mg. per 
hundred c.c. Phenolsulphonephthalein excretion 25 per cent, in two hours ; urine 
260 c.c. in twenty-four hours, trace of albumin, no casts. Total nitrogen in urine 
has remained low, averaging 3.3 gm. despite the fact that the food intake has 
been practically normal for several days. 

June 9: During the past twenty-four hours the dog passed but 90 c.c. of 
urine and has eaten only 30 gm. of meat. Despite the small volume of urine 
the specific gravity and the concentration of nitrogen is lower than that of the 
day before. 

22. Marshall, E. K. : A New Method for the Determination of Urea in Blood, 
Jour. Biol. Chem., 1913, xv, 487. Van Slyke, D. D.: A Method for Quantitative 
Determination of Aliphatic Amino Groups, Jour. Biol. Chem., 1911, ix, 185. 

23. This method was devised by B. B. Turner and has been used in this 
laboratory for several months, and has proved very satisfactory. It will be 
published later. 
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of weight. Determination of the number of red blood-cells and hemo- 
globin in Dogs 16 and 17 showed that there was no anemia. The 
second stage of the clinical course was the toxic period that preceded 
death, and it was of short duration, the longest being seven days. 
The characteristic features of the intoxication were loss of appetite, 
vomiting, progressive weakness, and the frequent passage of fluid 
stools containing mucus and traces of blood. There was definite 
slight trembling and muscular twitching. No convulsions were 
observed, but as most of the dogs died during the night, convulsions 
may have occasionally immediately preceded death. Drowsiness or 



Fig. 2. — Relation between the increased incoagulable nitrogen in the blood 
and the phenolsulphonephthalein output a few days before death. Dog 10. 


coma was certainly not present. Although very weak, the animals 
remained awake and seemed mentally alert. One animal was observed 
constantly for several hours before death, and uper weakness without 
dyspnea or irritative phenomena characterized the final picture. The 
respirations became gradually shallower and the pulse weaker until 
death occurred. 

In brief, it seems that the establishment of a moderate back-pres- 
sure on the kidney had at first very little effect on the general condi- 
tion of the dogs. There were, however, cumulative phenomena in the 
blood and changes demonstrable by functional tests, together with a 
mild polyurea. After a varying length of time there was a sudden 
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to why, in this case, such an unusually long period elapsed before the 
cumulative phenomena appeared. Was it due to the fact that the 
hydronephrosis was mild and of slow development, or could it be that 
the obstruction was at first insufficient to produce any back-pressure, 
but later became so on account of contracting adhesions? Two facts 
indicate that the former was probably the case: First, there was a 
definite decrease in the phenolsulphonephthalein on the third and 
ninth days, showing that some change had taken place in the kidney; 
and second, at necropsy it was found that the pressure necessary to 
force fluid through the obstructed ureter amounted to 12 cm. of water 
— a very slight obstruction. 

The most rapid rise occurred in Dog 16, in which the nitrogen con- 
tent of the blood amounted to 168 mg. per hundred c.c. on the third 



Fig. 4 (Dog 19). — The hydronephrotic kidney and the normal kidney 
(removed from opposite side) photographed on the same scale. 


day after operation. At this time the animal was moderately toxic, 
vomiting several times. Venesection was performed on the fifth day, 
225 c.c. of blood being removed. This was at once replaced by 150 
c.c. of defibrinated blood, taken from a normal dog, and 100 c.c. of 
physiological saline solution. Within twenty-four hours there was a 
very sharp decrease in the incoagulable nitrogen, and from then until 
death, resulting from peritonitis, it was but slightly above normal. 
Associated with this rapid drop was a remarkable increase of the total 
nitrogen output in the urine. 

The determination of the freezing point of the serum in a number 
of instances showed that there were but slight deviations from the 
normal when the nitrogen content was moderately increased ; but with 
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the great accumulation of nitrogen preceding death the freezing point 
was considerably lowered. 

The daily output of urine increased at once after the operation and 
continued so throughout the whole course. That this was a true poly- 
uria is indicated by the fact that reducing the fluid intake did not 
immediately affect the total amount of urine. The specific gravity 
was correspondingly low. Faint traces of albumin appeared inter- 
mittently throughout. In the urine of but one dog (Dog 18) were 
casts found. The nitrogen output in the urine showed important 
variations. The average daily amount was approximately equal to the 
intake until the final stages, when a definite decrease is to be noted. 


TABLE 1. — Intake and Output of Nitrogen During Non-Toxic Period 


Dog 

Time, 

days 

Total 
Intake 
gm. N, 

Average 
Daily 
Intake 
gm. N. 

[ 

i Total 

Urinary 
Output 
gm, N. 

Average 
Daily Urinary 

1 Output 
gm. N. 

i 

Average 
Daily Loss 
of wt. gm. 

10 

16 

80.9 

6.05 

1 

85.17' 

5.32 

37.5 

17 

21 

99.1 

i 4.6S 

S2.3 

3.92 

76.2 

18 

25 

101.3 

4.05 

98.1 

3.92 

44 

19 

19 

62 

3.26 

68.1 

3.58 

71 

TABLE 2. — Intake and Output of 

Nitrogen During Toxic Period 



Total 

Average 

Total 

Average 

Average 

Dog 

Time, 

Intake 

Daily 

Urinary 

Daily Urinary 

Daily Loss 


days 

gm, N. 

Intake 

Output 

Output 

of wt. gm. 




gm. N, 

gm. N. 

gm. N. 


10 

4 

0.6 

0.15 

11.19 

2.79 

387 

17 

6 

6.47 

1.08 

15.8 

2.63 1 

250 


In Table 1 is recorded the total amount of nitrogen excreted in the 
urine, as compared with that ingested, from the time of operation 
until the toxic symptoms developed; in the same manner the intake 
and output for the toxic period are shown in Table 2. In the case of 
Dogs 10 and 19 the output exceeded the intake, while with the other 
two the reverse took place. This bears no relation to the size of the 
animal or the loss of weight. The differences were slight, with one 
exception. Dog 17, in which the intake exceeded the output by 16.8 
gm. This was not, however, accompanied by any marked increase in 
the non-protein nitrogen content of the blood. 

During the terminal stages, although the nitrogen output greatly 
exceeded the intake, it did not equal the normal excretion during sim- 





















252 THE ARCHIVES OF INTERNAL MEDICINE 

pie starvation.-^ This suggests that the great rise in the nitrogen con- 
tent of the blood during this stage is due to a definite renal retention. 
A striking instance in which a low nitrogen excretion was accompanied 
by an accumulation of nitrogen in the blood is found in the case of 


TABLE 3. — Examinations— 


Date 


CoDditlon 

Weight 

kg. 

Intake 

Blood 


N. 

gm. 

Total 
Non-pro- 
tein N. 
mg, per 
lOO c.c. 


UreaN. 

% 

A 

4/18 

m 

Normal 

10.6 

300 

5.8 

32 

19 

59 


4/21 

0 

Operation 

.... 

... 

... 

... 

•• 

•• 


4/24 


Good 

.... 

300 

5.8 

122 

86 

70 


4/25 


Good 

10.2 

300 

5.8 

100 

93 . 

93 


4/26 


Refused food 


600 

1.8 

116 • 

103 

88 


4/27 

6 

Good 


600 


130 


82 


4/28 

7 

Good 


600 

5.8 

136 

•• 

•• 


4/29 

8 

Lively 


800 

5.8 

99 

56 

56 


4/30 

9 

Lively 


^ 800 

5.8 


64 

58 


5/ 1 

10 

Lively 

0.5 

400 - 

5.8 


92 

70 


5/ 2 

11 

Lively 

9.5 

400 

5.8 


69 

66 


6/ 3 

12 

Lively 


300 

5,8 


*• 

•• 


5/ 4 

13 

Lively 


300 

5.8 

100 

87 

87 


5/ 5 

14 

Lively 


300 

5.8 

... 

•• 

•• 


5/ 6 

15 

Lively 


450 

5.8 

116 

78 

68 

.65 

5/11 

20 

Lively 

0.5 


... 

... 

•• 

•• 

B 

5/12 

21 

Lively 


700 

6.8 

... 

•• 

•• 

H 

5/13 

22 

Lively 


700 

5.8 

... 

•• 

•• 

H 

5/14 

23 



700 

5.8 

86 

59 

69 

H 

5/15 

24 

Refused food 

.... 

700 

0.8 

116 

99 

85 

H 

5/16 

25 

Vomiting 

9.25 

... 

... 

245 

158 

64 


5/17 

20 

Vomiting 

8.45 


... 

... 


•• 


5/J8 

27 

Improved 

.... 

300 

0 

305 

1 250 

82 

.7o 

ii/l- 

2.S 

Very sick 

8.05 

400 

0 6 

395 

1 f80 

mm 

.75 

5/‘’U 


Died 

.... 

... 

•• 

... 

i 

■ 

a 


Dog 16. On the third day after operation only 95 c.c. of urine were 
passed, despite the fact that water was forced. The nitrogen elim- 
inated amounted to but 0.62 gm. Corresponding to this the incoag- 
ulable nitrogen in the blood rose from 66 to 178 mg. per hundred c.c. 

24. Von Noorden, Carl : Metabolism and Practical Medicine, 1907, p. 292. 
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It was hoped that a careful study of the nitrogen intake and out- 
• put might throw some light on the question as to whether the increase 
of incoagulable nitrogen in the blood is due to a (renal) retention or 
to metabolic disturbances characterized by an increased formation of 


— OF Dog 10 


Urine 

Phthalein 

% 

- 

Hj 

Sp. Gr. 

Albumin 

Sediment 

N. 

gm. 

Urea N. 
gm. 

UreaN. 

% 

1 hr. 

2 hrs. 

Lactose 

240 

1,030 

0 

Neg. 

4.44 

.... 

•• 

70 

•• 

6 hours 








30 

52 


350 

1.020 

0 

Neg, 

4.13 

2.9 

72 

8 hours 

650 

1.020 

.... 

.... 

6.41 

4.65 

73 




515 

1.020 

.... 

.... 

5.74 

4.29 

75 




600 

1.018 

Trace 

W. B. 0. 

6.35 

4.12 

65 

8 

22 


680 

1.012 

.... 

.... 

6.09 

3.81 

62 



8 hours 

690 

1.014 

— 

.... 

5.99 

3.33 

56 




515 

1.010 

.... 

.... 

5.08 

.... 

. . 




480 

1.018 

.... 

.... 

5.61 

3.38 

60 




425 

1.020 

.... 

.... 

4.64 

.... 





400 

1.018 

.... 

.... 

5.16 

.... 





405 

1.022 

Trace 

Neg. 

6.50 

1 

.... 





405 

1.023 

.... 

.... 

5.39 

i 


21 

33 

1 37 

1 


535 

1.017 

Trace 

Neg. 

5.24 

1 




615 

1.012 

Trace 

Neg. 

4.39 

.... 



.. 


470 

1.018 

.... 

i 

5.20 

.... 



. . 

10 hours 

395 

1.018 

1 

Trace j 

Neg. 

4.26 

.... 



. • 


630 (?) 

I.OID 

Trace 

Neg. 

1.91 

.... 



6 


430 

1.018 

Trace 

Pus 

3.90 

2.63 

ti8 

i • • 

12 


475 

1.012 

Trace 

Pus 

2.99 

199 

: 67 

i 

« 



1.02<l 

Trace 

Pus 

2.39 

93 

' 39 

1 


• 






j 







nitrogenous bodies. Bradford,-^ studying the changes in the nitrogen 
of the blood and urine following the removal of from two-thirds to 
three-fourths of the total kidney substance, expresses the opinion that 


25. Bradford, J. R. : The Results Following Partial Nephrectomy and the 
Influence of the Kidney on Metabolism, Jour. Physiol., 1898-9, xxiii, 415. 



























Date 

1 

Oondltioh 

Weight 

kg. 

Intake 


Blood 


H 2 O 

c.c. 

N. 

. gm. 

Total 
Non-pro- 
tein N. 
mg. per 
100 c.c. 

Urea N. 
mg. per 
100 c.c. 

UreaN. 

■ % 

A 



Normal 

4.8 

... 

. . • 

... 

26 



4/ 2 


Operation 

— 

... 

... 

... 

•• 

•• 


4/ 4 

2 

Good 

— 

... 

... 

... 

•• 

•• 


4/ 6 

4 

Vomited 

.... 

••• 

... 

... 

•• 

•• 


4/ V 

5 

No vomiting 


500 

... 

... 

90 

•• 


4/ 8 

6 

Improved 


300 

5.8 

112 

77 

69 


4/ 9 

7 

Good ■ 

.... 

550 

5.8 

... 

88 



4/15 

13 

Good 

•. . . . 

400 

5.8 

70 

35 ' 

60 


4/16 

14 

Good 

4.4 

300 

5.8 


•• 

• • 


4/17 

15 

Good 

.... 

300 

5.8 

••• 


•• 


4/18 

16 

Good 

.... 


... 

• * * 

35 

•• 


4/19 

17 

Good 

.... 

165 

6.8 


/ 

•• 


4/20 

18 


.... 

250 

5.8 

67 

39 

58 : 


4/21 

19 

Exploratory 

— 

... 

... 

... 

•• 

• • 


4/23 

21 

• Good 

4.6 

500 

5.8 

... 

•• 

• • 


6/ 1 

29 

Good 

4.5 

400 

5.8 

68 

40 

69 


6/ 6 

34 

Sick 

4.2 

300 

0 

... 

117 

•• 


5/ 7 

35 

Sick 

.... 

300 

... 

276 

•• 

i 

0.74 

5/ 8 

36 

Died 

.... 

... 

... 

... 

•• 

■ •• 

•• 


TABLE 5 .— Examinations— 


Date 

Day 

Condition 

Weight 

kg. 

Intake 

Blood 

H 2 O 

c.c. 

N. 

gm. 

Total 
Non-pro- 
tein N. 
mg. per 
100 c.c. 

Urea N. 
mg. per 
100 c.c. 

UreaN. 

% 

A 

5/ 3 

■ 

Normal 

10.7 

300 

5.8 

SO 

9 

30 

.58 

6/ 4 


Operation 

.... 

300 

5.8 

29 

13 

46 


5/ 5 

B 

Good 

.... 

335 

0 

46 

31 

68 


5 / 0 

2 

Good 

10.5 

450 

5.8 

66 

43 

65 


6/ 7 

3 

Vomited 

.... ! 

300 

5.8 

178 

124 

70 


6/ 8 

4 

Improved* 

.... 

1,000 

1.0 

183 

122 

65 


6/ 9 

5 

Phlebotomy transfusion 

.... 

600 

0 


84 



5/ 9 

.. 

Three hours after 

.... 

... 

... 

... 

61 



5/10 

6 

Improved 

.... 

1.050 

6.4 

... 

25 

Hi 

♦ • 

6/11 

7 

Onset of peritonitis 

9. 

400 

0 

64 

1 

24 

38 

• • 

6/12 

8 

Peritonitis 

.... 

650 

5.8 


27 

•• 

• 9 

5/13 

9 

Peritonitis 

8.9 

600 

5.8 

41 

25 

62 

• « 

6/14 

10 


8.95 

... 

. .. 

... 

•• 

•• 


6/15 


Died 

.... 

... 

... 

... 

*• 

• * 

# • 


♦ B. B. O., 6.200,000; Hb. 120 per cent. 






















— OF Dog 14 


Urine 

Fhtbalein 

% 


Amt* 

c.c* 

Sp. Gr. 

Albumin 

Sediment 

N. 

gm. 

Urea N. 
gm. 

TJreaN. 

% 

1 hr. 

2 brs. 

t 

Lactose 



0 

Neg. 




76 

■ 

6 hours 

• • • 

1.026 

Trace 

Neg. 

.... 

.... 





275 

1.030 

0 

Neg. 


.... 



40 


... 



.... 

.... 

.... 




48 

9.5 hrs. 

400 

.1.012 

Trace 

W. B. 0. 

.... 



26 

. . 


475 

1.020 

Trace 

Few 

W. B. 0. 

6.65 

6.27 

79 

80 

42 










190 

1.025 

Trace 

Neg. 


j 

, , 

• • 1 


•• 

8 hours 

335 

1.018 

Trace 

Neg. 

5.15 

! 



• « 


325 

1.022 

Trace 

Neg. 

4.04 






450 

1.020 

Trace 

Neg. 

.... 




•• 







.... 1 

• . 1 

16 

41 


310 

1.013 

Trace 

Neg. 

.... 

1 




185 




0.02 




0 















! 






— OF Dog 16 


Urine 

Pbthalein 

% 

Lactose 


Sp. Gr. 

Albumin 

Sediment 

N. 

gm. 

Urea N. 
gm. 

UreaN. 

% 

1 hr. 

2 brs. 

140 

1.038 

0 

Neg. 

6.90 

.... 

.. 

65 


6 hours 

165 

1.043 

0 

Neg. 

6.68 


. . 


. . 


130 

1.030 

• • • » 

.... 

2.9S 

2.10 

71 


70 


420 

1.023 

Trace 

Neg. 

8.16 

6.40 

78 


50 


95 

1.010 

0 

Neg. 

0.62 

0.55 

88 


3 


780 

1.010 

Trace 

Neg. 

4.88 

3.67 

73 

.. 

42 


665 

1.010 

Trace 

Neg. 

3.37 

2.55 

76 

1 

•• ! 

1 


1,060 

1.018 

0 

Neg. 

9.34 

8.89 

95 


45 


375 

1.021 

0 

Neg, 

7.93 

.... 

*' i 


• • 


345 

1.032 

0 

Neg. 

9.8 

j 



. . 


395 

1,035 

0 

Neg. 

9.84 




i 

i 

... 


• • « • 

• • • 9 

• « • • 

« « • • 

• • • • 

* • * « 

.... 



•• 

8 hours 






! 































256 


THE ARCHIVES OF INTERNAL MEDICINE 


TABLE 6. — ^Examinations— 






Intake 

Blood 

Date 

Day 

Condition 

Weight 

kg. 



Total 

Non-pro- 

Urea N. 






HaO 

N. 

tein N. 



A 





c.c. 

gm. 

mg. per 
100 c.c. 


% 


4/27 


Normal } 

) 

10.2 

130 

5.8 

27 

U 

41 


4/28 

. • 

Normal 

.... 

210 

5.8 


•• 

. .. 


4/29 

1 

Operation 

.... 

. . • 

... 


•• 

•• 


4/30 

2 

Good 

.... 

300 

0 

36 

17 



5/ 1 

3 

Good 

.... 

300 

5.8 


14 

•• 


5/ 2 

5/ 3 

5/ 4 

5/ 5 

5/ 6 

5/ 7 

5/ 8 

4 



225 

0 





5 



200 

5.8 





6 



200 

5.8 


H 



7 



225 

5.8 


H 

.. 


8 



100 

5.8 





9 



125 

0 


H 

.. 


10 

B. B. C. 7,200,000, Hb. 


290 

5.8 



, , 

.. 

5/ 9 

11 

115 per cent. 
Transfusion 

.... 

300 

6.8 



•• 


5/10 

12 

Moderately sick 

.... 

300 

6.3 


21 

•• 


6/11 

13 

Improved 

.... 

320 

0 


9 

•• 


5/12 

14 

Good 

9.35 

220 

5.8 


•• 

•• 


6/13 

15 

Good 

.... 

200 

5.8 


•• 

•• 


5/14 

IG 

Exploratory 

.... 

200 

5.8. 

68 

38 

56 


6/15 

17 

Good 

.... 

300 

0 


27 

•• 


5/16 

18 

Pulse 140, Temp. 39 C. 

.... 

300 1 

6.8 

44 

17 

40 

1 


6/17 

19 

Good 

.... 

400 ' 

5.8 


•• 

.• 1 


5/18 

20 

Good 

.... 

275 ' 

5.8 


•• 

•• 


5/19 

21 

Pulse 132 

9.2 

450 j 

5.8 




» * 

5/20 

22 

Pulse 140, Temp. 41 0. 

.... 

300 (?)j 

5.8 i 

1 

•• 

•• 

« * 

5/21 

23 

Refused to eat 

.... 

600 

5.8 1 

lOO 

63 

63 

• ^ 

5/22 

24 

Improved 

8.6 

400 

1.7 

no 

74 

67 


5/23 

25 

Improved 

.... 

600 

2.9 

98 

71 

73 


5/24 

26 

Good 

8.85 

400 

0.87 

... 

*• 


•• 

5/25 

27 

Good 

.... 

200 

1.0 

136 

86 

1 64 


5/26 

28 

Vomited 

.... 

330 

... 

... 


I 

• • 

5/27 

29 

Vomiting* 

.... 

300 

... 

185 

131 

71 


5/28 

30 

Sick 

.... 

300 

... 

220 

141 

64 

• • 

5/29 

31 

Very sick 

7.1 

... 

... 

1 

•• 

•• 

• • 

5/30 

5/31 

6/ 1 

32 



500 

... 

... 

.. 


• • 

33 



■ 300 

0 



.• 


34 

Died 

.... 


... 

... 

•• 
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— OF Dog 17 


Urine 

Phthalein 

% 


Amt. 

Sp. Gr. 

Albximin 

Sediment 

N, 

Urea N. 

UreaN. 


2 hrs. 

Lactose 

c.c. 




gm. 

gm. 

% 



115 

1.050 

0 

Neg, 

5.72 

4.49 

78 

63 


6 hours 

135 

1.043 

0 

Neg. 

5.59 

.... 

• • 




? 

1.060 

0 

Neg. 

• ■ • - 

.... 

. . 




245 

1.025 

Trace 

Neg, 

5.69 

4.56 

79 

27 

68 


150 

1.022 

• • • • 

a ■ . • 

3.05 

2,24 

73 




225 

1.028 

— 

.... 

4.04 

.... 





230 

1.030 

.... 

— 

2.74 

— 





195 

1.030 

0 

Neg. 

6.42 

— 





170 

1.034 

.... 

• • • • 

5.64 

.... 





110 

1.035 

.... 

.... 

3.83 

— 

■ . 

41 



125 

1.040 

.... 

.... 

4.19 

.... 





150 

1.030 

.... 

.... 

4.18 

— 





130 

1.026 

.... 

.... 

2.55 

1.82 

71 




335 

1.015 

.... 

.... 

3.72 

2.68 

72 




105 

1.032 

.... 

— 

3.10 

— 





235 

1.020 

0 

Neg. 

3.40 

.... 





235 

1.020 

Trace 

Neg. 

3.72 

— 





130 

1.032 

.... , 

.... 

2.46 

.... 



34 


215 

1.015 

.... 

.... 

4.40 ' 

— 



37 


250 

1.020 

.... 

.... 

4.34 

— 





205 

1.024 

.... 

.... 

3.96 

.... 





280 

1.020 

.... 

a • . • 

5.94 

— 



35 

8 hours 

SS5 

1.010 

.... 

.... 

2.40 

.... 



1 


265 

1.018 

Trace 

Pus cells 

2.55 

1.15 

51 




440 

1.017 

.... 

a a a . 

3.72 

2.15 

58 

.. 

20 


3S5 

1.016 

.... 

.... 

3.39 

1.46 

43 




295 

1.017 

.... 

.... 

2.35 

.... 

• • ^ 




190 

1.014 

.... 

«... 

1.52 

.59 

38.8 




265 

I.OIS 

+ 

W. B. 0. 

1.82 

1.05 

58 




315 

? 

1.018 

.... 

.... 

3.00 

.... 



5 


? 










2S0 

1.020 

• « . • 

a •• • 

2.87 

• • • . 





300 

1.010 


Pus 

0.97 

.... 







1 


1 
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TABLE 7. — ^Examinations— 


Date 

Day 

Condition 

Weight 

Intake 

Blood 

' 

H20 

c.c. 

N. 

gm. 

Total 
Non-pro- 
tein N. 
mg. per 
100 c.c. 

Urea N. 
mg. per 
100 C.C. 



SI23. 

.. 

Normal 

6.15 

300 

6.8 

. . . 

.. 

.. 

• • 

5/23 

.. 

Normal 

.... 

SQO 

6.8 

34 

14 

41 

•• 

6/24 

.. 

Normal 

— 

300 

6.8 

... 

• • 


•• 

5/25 

*. 

Operation 

.... 

... 

... 

... 

• « • 

•• 


6/26 

. . 

Before operation 

— 

0 

0 

... 

♦ • 

•• 

•• 

6/26 

1 

After operation 

.... 

200 

0 

39 

20 

52 

•• 

5127 

2 

Good 

.... 

300 

3.2 

55 

27 ‘ 

50 


6/28 

3 

Good 

.... 

400 

6.8 

56 

30 

54 


6/29 

4 

Good 

.... 

300 

6.8 

74 

43 

58 


6/30 

5 

Good 

6.16 

300 

6.8 

72 

44 

61 


6/31 

6 

Good 

.... 

350 

3.8 

... 

•• 

•• 

** 

6/ 1 

7 

Good 

.... 

300 

6.8 

86 

33 

38 

•• 

6/ 2 

8 

Good 

.... 

300 

4.6 

... 

•• 


•• 

6/ 3 

9 

Good 

.... 

300 

4.2 

96 

40 

42 


6/ 4 

10 

Good 

.... 

300 

4.2 

... 


•• 


6/ 6 

11 

Good 

4.7 

300 j 

6.8 

108 1 

68 

63 

• * 

6/ 6 

12 

Good 

.... 1 

300 i 

3.8 

... 

•• 

•• 

• • 

6/ 7 

13 


.... 

300 

3.8 

... 

-• 

•• 

• * 

6/ 8 

U 


4.65 

300 

4.6 

* 90 

49 

54 

* • 

6/ 9 

15 



300 

1.5 

... 

1 

•• 


6/10 

16 


4,75 

300 

4.9 

... 

43 

•• 


6/11 

17 


4.55 i 

300 

3.3 

... 

•• 



6/12 

18 

Distemper 

4.45 1 

300 

1.6 

84 

42 

50 


6/13 

19 

Distemper 

4.40 i 

300 

; 3.8 

... 

•• 

. • 


6/14 

20 

Distemper 

4.25 i 

160 

1.0 

... 

•• 

• • 


6/15 

21 

Distemper 

4.15 1 

300 

, 0,9 

68 

28 

41 


6/16 

22 

Distemper 

4.05 

300 

6.8 

... 

•• 

• • 


6/17 

23 

Distemper 

4.05 

300 

6.8 

... 

•• 

• • 


6/18 

24 

Distemper 

4.05 

300 

5.8 

92 

43 

52 

.66 

6/19 

25 


.... 

300 

5.8 

114 

60 

53 

.60 

6/20 

1 

Sacrificed 

.... 

... 

... 

... 

• • 

** 

— 


♦ Probable decomposition of urea after voiding. 
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— OF Dog 18 


Urine 

Phtba- 

lein 

2 hrs. 

% 

Lac- 

tose 

Amt. 

c.c. 

Sp. Gr, 

Albumin 

Sediment 

N. 

gm. 

Urea N. 
gm. 

UreaN. 

% 

NHa-N. 

gm. 

NHs-N. 

% 

215 

1.025 

0 

Neg. 

4.82 

3.78 

78 

... 

.... 

95 

6 hrs. 

235 

1.020 

0 

Neg. 

4.51 

3.22 

71 

.21 

4.6 

.. 


215 

1.023 

0 

Neg. 

4.65 

3.66 

79 

.26 

5.5 



21 




0.52 

0.37 

71 





80 

1.020 

0 

Neg. 

0.86 

0.49 

58 


r. 

85 


85 

V 

1.040 

0 

Pew casts 

2.88 

• « • • 

. . 

- . . 

.... 

40 


175 

1.030 

Trace 

Neg. 

6.41 

3.66 

68 

.5 

9.3 

62 


320 

1.027 

•0 

Neg, 

7.48 

6.68 

75 

.78 

10 

55 


255 

1.025 

0 

Neg. 

5.32 

3.94 

77 

. . . 


58 


180 

1.025 

Trace 

Neg. 

3.85 

3.3Q 

86 

.39 

10 



300 

1.020 

0 

Neg. 

4.91 

3.82 

80 

.19 

4 

52 


295 

1.020 

0 

Neg. 

4.23 

3.47 

82 

.23 

5.5 

. . 


500 

1.028 

0 

Neg. 

7.98 

5.16 

65 

.57 

12 

75 


350 

1.020 

Trace 

Neg, 

4.73 

4.13 

87 


.... 

. . 

8 hrs. 

560 

1.018 

Trace 

Neg, 

6.74 

4.67 

^ 69 

.87 

13 

45 


410 

1.015 

Trace 

Neg. 

5.05 

3.73 

73 

.31 

6.2 

• • 


230 i 

i 

1.020 

Trace 

Neg, 

0.03 

2.00 

67 

.94 

31* 



290 

1.018 

Trace 

Neg. 

3.41 


57 

. . , 

• • • • j 

35 


255 

1.012 

Trace I 

Neg. 

2.32 


42 

.53 

23* 

. • 


400 

1.018 

0 

Neg. 

3.84 

2.75 

72 

.48 

12 

35 


325 

1.012 

Trace 

Neg, 

3.18 

2.05 

64 1 

.43 

13 

• • 


155 

1.015 ■ 

Trace 

Neg. 

1.67 

1.08 

65 

.19 

11 

15 

8 hrs. 

245 

1.015 

Trace 

Neg. 

2.75 

1.59 

58 

, . • 

1 

20 


255 

1.015 

Mod. 

Neg. 

2.37 

1.95 

82 

».• 

.... 

. • 


285 

1.014 

+ 

Pus 

1.96 

1.52 

77 

.14 

7 

. , 


8S0 

1.020 

+ 

Pus 

4.92 

3.66 

74 

.30 . 

6 

, , 


300 

1.022 


Pus 

4.62 

3.43 

74 

.43 

9 

43 


295 

1.025 

+ 

Pus 

4.61 

3.71 

80 


• • • • 

36 


280 

1.024 


Pus 

.... 

• * • • 

•• 

... 

.... 

50 


... 


— 

.... 

— 

• • • • 

•• 

... 

.... 

•• 
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the increased content in the blood is due to an excessive breaking do\yn • 
of tissue, Pearce, studying the nitrogen excretion following the 
removal of three-fourths of the total kidney substance, states that no. . ' 

change takes place in the nitrogen metabolism other than, that due to 
an inanition which results from the gastro-intestinal irritation con- 
stantly associated with extensive kidney reduction. We do not feel 

V 

TABLE 8. — Examinations— 


Date 

Day 

Condition 

Weight 

hg. 

Intake 

Blood 

H 2 O 

c.c. 

N. 

gm. 

Total 
.Non-pro- 
tein N. 
mg. per 
100 c.c. . 

Urea N. 
mg, per 
100 c,c. 

UreaN, 

% 

A 

5/22 


Normal 

7.75 

250 

5.8 

... 




5/23 


Normal 


150 

6.8 

... 

.. 

.. 


5/24 

. • 

Normal 

.... 

75 

5.8 

27 

13 

49 


5/25 


Operation 

— 

... 

• .. 

... 

.. 

-- 


6/26 

.. 

Before operation 


200 

0 

... 

• • 




1 

After operation 

.... 

0 

0 

41 

19 

46 


5/27 

2 

Good 

— 

300 

5.8 

... 

29 

• • 

•• 

5/28 

3 

Very lively* 

.... 

400 

5.3 

90 

46 

61 

.. 

5/29 

4 

Very lively 

.... 

300 

5.8 

... 

69 

• • 

•• 

5/30 

5 

Very lively 

.... I 

300 

5.8 

102 

69 

68 


6/31 

6 

Very lively 

.... 

350 

4.2 

160 

96 

60 

•* 

6 / 1 

7 

Very lively 

7.20 

300 

1.3 

96. 

63 

66 


6 / 2 

8 

Very lively 

«... 

300 

1.9 

••• 

•• 

•• 

•• 

6 / 3 

9 I 

Very lively 


300 

3.9 

68 

53 

78 


6 / 4 

10 

Very lively 

.... 

' 300 

0.4 

... 

1 

.. 


6 / 6 

11 

Very lively 

7.20 

300 

5.3 

76 

43 

57 

•• 

6 / 6 

12 

Very lively 

7.20 

300 

4.2 

... 

•• 

•• 


6 / 7 

13 

Very lively 

7.20 

300 

6.8 

... 


•• 


6 / 8 

U 

Very lively 

7.15 

300 

3.3 

96 

48 

50 

•• 

6 / 9 

15 

Very lively 

7.00 

300 

0.9 

94 

41 

44 


6/10 

16 

Very lively 

6.90 

2 S 0 

3.7 


66 

•• 


6/11 

17 

Very lively 

6.80 

315 

3.0 . 

... 

•• 

•• 


6/12 

18 

Distemper 

6.55 

225 

0.6 

,92 

6:1 

58 

.59 

6/13 

19 

Distemper 

6.40 

300 

2.9 

108 

67 

63 

,66 


* See protocol. 


that in our own experiments the nitrogen determinations during the 
non-toxic period offered conclusive evidence on this point,^^ although 

26. Pearce, R. M. : Influence of a Reduction of Kidney Substance on Nitrog- 
enous Metabolism, Jour. Exper. Med., 1908, x, 632, 

27. Further work is planned for the study of this important point. 
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in several instances the tables show (particularly 7 and 8) nitrogenous 
equilibrium or even nitrogenous loss associated with a rise in the non- 
protein nitrogen of the blood. This would indicate an increased pro- 
tein catabolism. During the terminal stages, however, there was a 
definite reduction in the nitrogen eliminated, indicating that the cumu- 
lative phenomena are due, in part at least, to retention. 


— OF Dog 19 


Urine 

Pbtha« 

lein 

2brs. 

% 

Lac- 

tose 

■ 

Sp. Gr. 

Albumin 

Sediment 

N. 

gm. 





125 

1.050 

0 

Neg. 

6.09 

4.90 

80 

■ 

.... 



165 

1.050 

0 

Neg. 

8.81 

6.09 

69 


.... 

88 

4 hrs. 

135 

? 

1.045 

0 

Neg. 

5.74 

5.30 

92 

.25 

4.3 



23 




0.68 

0.48 

70 





65 

1.055 

0 

Neg. 

2.42 

1.69 

70 

• . « 

.... 

82 


230 

1.030 

0 

Neg. 

7.57 

6.12 

81 

• • • 

.... 

54 


240 

1.025 

0 

Neff. 

5.34 

4.12 

77 

.38 

7 

50 


340 

1.025 

Trace 

Neg. 

5.35 

4.71 

88 

.64 

12 

42 


380 

1.020 

0 

Neg. 

6.81 

5.14 

75 

.57 

8.4 

• • 


230 

1.017 

Trace 

Neg. 

2.51 

1,94 

77 

.17 

6.8 

33 


395 

1.018 

0 

Neg. 

5.25 

4.40 

84 

.44 

8.2 

60 


255 

1.018 

Trace 

Neg, 

3.62 

2.73 

75 

.37 

9 

*• 


235 

1.022 

Trace 

Neg. 

3.98 

3.02 

76 

.35 


1 35 

1 


160 

1.020 

Trace 

Neg. 

2.57 

2.06 

80 

.23 

9 


8 hrs. 

265 

1.023 

Trace 

Neg, 

4.08 

2.61 

64 

.41 

10 

30 


225 

1.021 

Trace 

Neg, 

3.22 

1 2.81 

87 

1 .37 

11 

• • 


260 

1.020 

Trace 

Neg. 

2.80 

2.45 

87 


• « • • 

* 


260 

1.018 

Trace 

Neg, 

3.13 

2.26 

72 

.34 

11 

15 


90 

1.013 ' 

1 

Trace 

Neg, 

0.87 

0.64 

73 

.13 

15 

.* 


215 

1.016 

Trace 

Neg, 

2.12 

1.48 

1 

69 

.23 

11 

26 


260 

1.012 

Trace 

Neg, 

2.00 

1 1.24 

62 

.11 

6 



200 

1.016 

Trace 

Neg. 

1.83 

1.60 

87 

... 

.... 

16 

10 hrs. 

227 

1.018 

Trace 

Neg. 

2.19 

1.51 

i 

69 

.36 

16 

14 



The phenolsulphonephthalein test has proved to be very sensitive 
in these cases, since in the earliest stages there is a slowing of the 
excretion and in the later stages a progressive reduction in the total. 
Normally in dogs there is excreted during the first hour from 60 to 
70 per cent, of the amount injected, while during the second hour 
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an additional 15 to 20 per cent, is recovered. The first change noted 
in these cases was a reduction of the amount excreted in the first hour 
with a corresponding increase during the second hour, the total for 
two hours thus approaching normal. In the case of four of the dogs 
the phenolsulphonephthalein test was made daily following operation, 
and it is seen that within forty-eight hours there was a moderate 
reduction, the average total being 53 per cent. This corresponds to 
the increased nitrogen content of the blood. Coincident with the devel- 
opment of toxic symptoms, or with a marked diminution of urinary 
nitrogen, there was a low total excretion without exception. This is 
very striking. Attention is called to the suddenness with which marked 
functional changes took place in several instances. Thus, in Dog 16, 
within twenty-four hours the total phenolsulphonephthalein excretion 
dropped from 50 per cent, to 3 per cent., and during this time toxic 
symptoms appeared. At the end of the next twenty-four hours the 
general condition was improved and the phenolsulphonephthalein 
excretion was 42 per cent. 

The only deviation from normal in the excretion of lactose was 
a moderate delay, the longest being ten hours. 

The phloridzin test was performed as follows: Dog 14, on the 
second, fourteenth and twenty-fourth days after the operation; Dog 
10, on the seventh and twentieth days, and Dog 18, on the twenty- 
fourth day. Without exception reducing bodies were present in the 
urine in large amounts before the expiration of half an hour from the 
time of injection. This corresponds with the normal as determined 
before the operation in each case. 

PATHOLOGICAL CONSIDERATION 

In each of the eight experiments a hydronephrosis developed as a 
result of the ureteral obstruction. The pressure necessary to over- 
come this resistance varied from 12 to 70 cm. of water. In every case, 
grossly, the ureter was tortuous and markedly dilated from the kidney 
to the point of obstruction, and the kidney was larger than the one 
previously removed from the opposite side, with dilatation of the 
pelvis and flattening of the calices. The distention of the capsular 
veins was always prominent, but varied considerably in degree. Thus, 
in Dog 18, the capsule was smooth and normal in color, only ^ 
here and there being noticeably engorged ; while, on the other an , 
the kidney of Dog 19 was covered with a network of large and tor- 
tuous vessels. In one instance. Dog 16, the kidney showed, 
scopically, a beginning atrophy of the parenchyma, with on y a s le, ^ 
dilatation of the collecting tubules, although, in the gross, the pelvis 
was .distended and the calices flattened. 
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• Dog 14. — Infection in the pelvis, ascending into the pyramids, where there 
is a deposition of calcium salts. The pyramids are moderately flattened and 
the tubules dilated. In the cortex there are a few areas in which the tubules 
are dilated and filled with material suggesting forming casts. For the most part, 
in the cortex, the tubules are not widened, the lumina being small, and the 
epithelium somewhat swollen. One small but typical arteriosclerotic scar is 
seen. 

Dog 16. — There is a striking beginning atrophy of the cortex, with a uni- 
form decrease in size of the tubules. The glomeruli remain unchanged. Slight 
dilatation of the pyramid tubules. No signs of infection in the pelvis. 

Dog 17. — Severe infection of the pelvis, ascending into the cortex, and 
obscuring other changes. There is seen, however, to be definite dilatation of 
the glomeruli with shrinking of the tuft. 

Dog 18. — There is marked infiltration with polymorphonuclear leukocytes, 
running in streaks from the cortex to the pelvis. The glomeruli are moderately 
dilated, the capsular space being more conspicuous than usual. The tubules 
are everywhere dilated, without any flattening of the epithelium, the latter being 
swollen and coarsely granular, with irregular and serrated edges. In the lumen 
is a small amount of serum. 

Dog 19. — There is a very slight infection in the pelvis and pyramids. The 
pyramidal tubules are less dilated than are the cortical ones. Just beneath the 
capsule there is a definite fibrosis of the cortex, and in this zone most of the 
glomeruli and tubules are atrophied, although there remain a few dilated canals. 
In the rest of the cortex the tubules are considerably dilated, the epithelium 
flattened and the lumina contain granular material. The glomeruli are widely 
distended and the tufts retracted. There are seen a few fibrous scars along the 
course of the interlobular vessels, but there is no arterial thickening. 



FURTHER OBSERVATIONS ON THE EMPLOYMENT OF 
SPECIFIC AND NON-SPECIFIC ANTIGENS IN THE 
PERFORMANCE OF THE GONOCOCCIC 
COMPLEMENT-FIXATION TEST * 

B. A. THOMAS, M.D., R. H. IVY, M.D., 

AND 

J. C. BIRDSALL, M.D. 

PHILADELPHIA 

In a former paper’- read before the Philadelphia County Medical 
Society May 28, 1913, it was conclusively shown by Thomas and Ivy 
in an analysis of over 200 cases in which monavalent, trivalent, hex- 
avalent and a commercial antigen of twelve strains of gonococci were 
employed, that the gonococcus complement-fixation test possesses great 
specificity so far as positive results are concerned. The results have 
proved that “the different strains of the gonococcus differ markedly 
one from another — so much so that the antibodies produced in the 
body by the toxin of one strain will in many instances not bind the 
complement in the presence of an antigen prepared from another 
strain. Therefore, if only one strain is used in the preparation of the 
antigen, a great many negative results would be obtained in positive 
cases ; an antigen prepared from many strains fixes the complement 
whenever one of its component strains does so, and consequently the 
necessity of testing a serum against a number of antigens separately is 
avoided. It is not to be denied that there probably are other strains 
of gonococci differing widely from any present in the polyvalent 
antigen, so that at times a negative result will be obtained in a positive 
case.” 

Convinced from our previous study of the specificity of the gono- 
coccus complement-fixation test in gonorrheal infections, namely, that 
although a negative reaction may be obtained in gonorrheal subjects 
and consequently is devoid of reliance, a positive reaction is most 
dependable and was not obtained in a large series of infectious and 
other diseases. 

* Submitted for publication June 9, 1914. 

* Read before the Philadelphia Pathological Society, May 28, 1914. 

* From the Department of Genito-Urinary Surgery and Laboratories, Poly- 
clinic Hospital, and the William Pepper Laboratory of Clinical Medicine. 

1. Thomas, B. A., and I-vy, Robert H. : The Gonococcus Complement-Fix- 
ation Test and Analysis of Results from its Use, The Archives Int. Med., 1914, 
xiii, 143. 
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In this article, in view of the finding of many Gram-positive and 
Gram-negative bacteria in the urine after m'assage of the prostate 
gland and seminal vesicles in the involvement of these organs in 
neisserian infection, a study has been made with respect to determining 
the specificity of the gonococcus antigen in the complement-fixation 
test by employing non-specific antigens made up from the various bac- 
teria isolated from time to time. 

Antigens were prepared from the following micro-organisms and 
utilized routinely in a series of serums from gonorrheal subjects: 

Nine strains of gonococci.^ 

Fifteen strains of meningococci.^ 

Six strains of streptococci. 

Six strains of the Micrococcus albus. 

Six strains of the pneumococcus. 

Six strains of Micrococcus aureus. 

Three strains of the Micrococcus catarrhalis.~ 

Six strains of Corynebacterium pseudodiphtheriticum. 

Six strains of Bacillus coli. 


TECHNIC OF THE PREPARATION OF THE ANTIGENS 


As in the former work the best results were obtained with antigens 
prepared in the following manner : 

Forty-eight-hour old cultures were washed off in sterile distilled 
water, shaken for one hour, and autolyzed for twenty-four hours in a 
thermostat at the temperature of 37 C. and heated in a water-bath at 
60 C. for one-half hour. Before use this antigen is diluted 1 : 10 by 
the addition of 0.85 per cent, salt solution. The quantities of each 
antigen used is determined by preliminary standardization. The technic 
on which we have learned to place the greatest reliance is essentially 
the same as that employed by us in the performance of the Wassermann 
reaction — substituting the specific or non-specific antigen in each case 
for the syphilitic antigen, using always the carefully standardized single 
unit of complement and the routine standardization of antigen and 
amboceptor. This technic is fully described in the former paper on 
this subject. 

Two hundred and sixteen serums in all were tested by the employ- 
ment of various non-specific antigens. These added to the results of 
the previous work number 420 serums in which the complement-fixa- 


2. We are indebted to Dr. Parks of the Research Laboratory, New York 
Department of Health, for the fifteen strains of meningococci and the three 
strains of Micrococcus catarrhalis, and to Dr, A. P; Hitchens 
Company for the nine strains of gonococci employed in this work. 
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tion test has been employed, using specific gonococcus and non-specific 
antigens.® 

Of the 216 cases in which both the specific and non-specific antigens 
were employed, we have grouped the cases according to their clinical 
diagnoses. 

1. Patients clinically cured, 9 cases. 

2. Acute anterior urethritis, 10 cases. 

3. Acute and subacute anteroposterior urethritis, 40 cases. 

4. Chronic posterior urethritis, 84 cases. 

5. Stricture, 7 cases. 

6. Epididymitis, 30 cases. 

7. Arthritis, 30 cases. 

8. Gynecological affections, 3 cases. 

9. Vulvovaginitis, 1 case. 

10. Sexual impotence, 2 cases. 


Results of Complement-Fixation Reactions with Specific Gonococcic 


AND Non-Specific Antigens in Two 

Hundred and Sixteen 

Results 

Cases 

Antigens 

No. Cases 

i No Positive No. 

Negative 

Specific; Gonococcic: 

Non oval ent 

216 

67 

149 

Parke, Davis & Co 

216 

67 

149 

Non-Specific: 

Micrococcus catarrhalis 

180 

5 

175 

Pneumococcus 

216 

4 

212 

Micrococcus aureus 

216 

3 

213 

Streptococcus 

216 

1 

215 

Corynebacterium pseudodiph- 

160 

1 

159 

theriticum 

Meningococcus 

216 

1 

215 

Micrococcus albus 

216 


216 

Bacillus coli 

160 

— 

160 

Of this series of cases 

135 serums 

gave negative results 

with the 


employment of specific and non-specific antigens. 

Sixty-seven serums gave positive results with specific gonococcus 
antigens. 

Fifteen serums gave positive results with non-specific antigens. 

Of the complement-fixation tests, using non-specific antigens, the 
Micrococcus catarrhalis antigen gave positive results in 5 cases, the 
pneumococcus in 4, the Micrococcus aureus in 3, the streptococcus in 1, 
the Corynepacterium pseudodiphtheriticum in 1 and the meningococcus 
in 1 case. 


3. Standardization of all the specific and non-specific antigens at the con- 
clusion of this study as compared with their antigenic properties in the begin- 
ning demonstrated no deterioration. 
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Four of the foregoing non-specific antigens gave positive results 
when all other non-specific and specific antigens resulted negatively. 
They were: 

1. Pneumococcus, 4 cases. 

2. M. aureus, 3 cases. 

3. M. catarrhalis, 1 case. 

4. Corynebacterium pseudodiphtheriticum, 1 case. 

Six of the foregoing fifteen non-specific fixation reactions occurred 
conjointly with the specific fixation reaction. They were; 

The Micrococcus catarrhalis, 4 cases. 

The streptococcus, 1 case. 

The meningococcus, 1 case. 

Our explanation for these occurrences in the complement-fixation 
reaction is that frequently a mixed infection complicates the gonorrheal 
urethritis, prostatitis, seminal vesiculitis, etc., also that not infrequently 
the gonococcus has ceased to be viable and that the active cause for 
the inflammation is a superimposed bacterium. 

CONCLUSIONS 

1. Although mixed infections are commonly found, antibodies of 
the non-specific organisms rarely bind complement in the presence of 
the non-specific antigens, and when such is the case, it can be attributed 
to the implantation of a superimposed mixed infection. 

2. The specificity of the gonococcus complement-fixation test when 
positive in cases of neisserian infection seems to be clearly established; 
a negative reaction, on the contrary, means absolutely nothing from 
the clinical point of view. 

3. Those organisms in cases of mixed infection capable of binding 
complement in our studies have been the Micrococcus catarrhalis, the 
pneumococcus, the Micrococcus aureus, the streptococcus, the Coryne- 
bacterium pseudodiphtheriticum and the meningococcus. 

116 South Nineteenth Street — 1623 Walnut Street — 3400 Spruce Street. 



HOW SHALL WE TELL WHETHER OR NOT THE MYO- 
CARDIUM IS COMPETENT?* 


JOHN M. SWAN, M.D. 

ROCHESTER, N. Y. 

The determination of the functional capacity of the vital organs is 
a problem that is of the utmost interest in prognosis. If a man con- 
sults a physician for symptoms pointing to disturbance of the heart, 
the kidneys or the liver it would be of great advantage not only to the 
patient, but also to his advisor if some satisfactory means were known 
by -which the power of the affected organ to do its work could be 
determined. So far as concerns the kidneys and the liver, fairly 
reliable functional tests are at our disposal. Are we able to say as 
much of the myocardium? For example, a man, aged 50 or more 
years, presents himself in the consulting room complaining of dyspnea, 
or perhaps of some symptom less definitely associated with myocardial 
insufficiency. He proves to be a modern business man with important 
obligations. He has lived the life of his class : He has been a large and 
irregular eater and his diet has contained an overproportion of protein 
or of carbohydrate food, depending on his individual preference; he 
has drunk little or no water, two or three or more cups of coffee or 
tea, or of coffee and tea ; more or less alcohol ; sometimes malt liquors, 
sometimes distilled liquors, sometimes wine, again a liberal amount of 
all. He has smoked from eight to ten cigars a day. He has always 
slept well; but perhaps now he is beginning to have trouble in getting 
to sleep, or, provided he goes to sleep promptly, he soon wakens and is 
restless. His bowels, which have always been regular, are beginning to 
require attention. He has to get up once or twice at night to urinate, 
and for thirty years he has not taken any more exercise than was 
absolutely necessary. In the course of the physical examination you 
find him to be overweight; you find that he is beginning to develop a 
definite pulmonary emphysema ; that his heart is larger than it should 
be and that the rate is a little accelerated, but that it presents no endo- 
cardial murmurs; that his blood-pressure is a trifle higher than it 
should be, and that his urine is increased in quantity and is of low 
specific gravity, but shows neither albumin nor casts. Let us suppose 
that the cardiac hypertrophy in such a case seems to be the important 

* Submitted for publication June 25, 1914. 

^ Read at the thirty-first annual meeting of the American Climatological 
Association, held in Atlantic City, June 19 and 20, 1914. 
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pathologic finding; can we determine by any means the capacity of the 
myocardium of that individual? 

The following tests have been advocated from time to time for this 
purpose : 

1. The increase in the pulse-rate between the recumbent posture and 
the erect posture. 

2. The increase in the pulse-rate after slowly flexing and extending 
the right forearm {Selhsthemmungsprohe of Herz). 

3. The increase of the systolic blood-pressure on constricting the 
fermoral arteries, proposed by Katzenstein. 

4. The increase of the systolic blood-pressure after certain exer- 
cises, proposed by Graupner. 

The determination of the change in pulse-rate on assuming the 
erect from the recumbent posture and after flexing and extending the 
right forearm a definite number of times is clinically easy of execution 
and may be applied equally well .to patients of both sexes. The deter- 
mination of increase of the systolic blood-pressure after constriction 
of the femoral arteries is less readily performed and is impossible in 
the case of female patients who are being examined in the physician’s 
office. The procedure of Graupner requires a piece of apparatus which 
is not well adapted to the ordinary consulting room. 

With the introduction of the auscultatory method of blood-pressure 
determinations it has been possible clinically to determine the diastolic 
pressure, and consequently the pulse-pressure, with accuracy. Hence 
it has become possible to determine certain mathematical formulas 
which indicate the conditions under which the circulation is being 
carried on. 

Tigerstedt^ has suggested a formula for determining the efficiency 
of the heart as a pump. The pulse-pressure multiplied by the pulse- 
rate gives the velocity of the circulation. The systolic pressure multi- 
plied by the pulse-rate gives the work of the heart. The velocity of the 
circulation divided by the work of the heart, according to Tigerstedt, 
gives the efficiency of the heart as a pump. 

Pulse-pressure X pulse-rate = velocity , . , „„ 

1 1 — efficiency of the heart as a pump. 

Systolic pressure X pulse-rate = work 

In other words, the pulse-pressure, divided by the systolic pressure. 
In a normal person this coefficient is from 25 per cent, to 35 per cent. 
In a normal person in whom the systolic pressure was 126 mm. and 
the diastolic pressure was 81 mm. obtained by the auscultatory method, 
the pulse-pressure was 45 mm. and the cardiac efficiency was 35 per 
cent. 

1. Tigerstedt: In Hirschfelder : Diseases of the Heart and Aorta, 1910, 
Ed. 1, p. 26. 
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Many authors have agreed that the second phase (the murmur 
phase) of the auscultatory blood-pressure observation indicates cardiac 
strength (Tornai,^ Fischer,^ Goodman andHowelF). 

Goodman and HowelF have shown that the second and third phases 
of the auscultatory blood-pressure indicate cardiac strength, and that 
the first phase and the fourth phase indicate cardiac weakness. They 
have suggested that by determining the percentage of the pulse-pressure 
formed by the different phases and adding the second and third phases 
together and the first and fourth phases together, a proportion could 
be determined which would give an idea of the relative cardiac strength 
and cardiac weakness factors. They found that when the cardiac 
weakness factor was in excess of the cardiac strength factor there was 
evidence of inefficiency of the myocardium. In a normal person they 
found the following percentages : Pulse-pressure, 45 mm. 

First phase 31.1 per cent. 

Second phase 44.4 per cent. 

Third phase 11.1 per cent. 

Fourth phase 13.3 per cent. 


99.9 per cent. 

C. S. ; C. W. : : 55.5 ; 44.4 

Stone® has suggested the determination of a cardiac load and over- 
load factor based on auscultatory blood-pressure determinations. He 
pointed out that in sixty-one normal persons with an average systolic 
pressure of 123 mm. and an average diastolic pressure of 80 mm., the 
pulse-pressure average was 40 mm. 

“The amount o£ energy expended, therefore, to maintain the circulation in 
excess of that required to open the aortic valves and overcome the resisting 
pressure of 80, was 40. The normal load may, therefore, be considered to be 

40 

— or 50 per cent, of the diastolic pressure.” 

80 

He has shown that in fourteen cases of decompensated myocardial 
disease the load was 76 per cent., an overload of 26 per cent. In fifty- 
one cases of arterial hypertension the load was 69 per cent., an over- 
load of 19 per cent. He says that an overload factor of 50 per cent, 
indicates that there is impending danger of myocardial exhaustion. 

In this paper I have compared the variations in the pulse-rate in 
the recumbent and in the erect posture, the cardiac efficiency factor of 
Tigerstedt, the percentage of the pulse-pressure formed by the second 

2. Tornai : Ztschr. f. diat. u. physik. Therap., xiii, 809 ; abstr., Deutsch. med. 
Wchnschr., 1909, xxxv, 2287. 

3. Fischer: Deutsch. med. Wchnschr., 1908, xxxiv, 1141. 

4. Goodman and Howell: Univ. Penn. Med. Bull., 1910, xxiii, 469; Am. 
Jour. !Med. Sc., 1911, cxlii, 334. 

5. Stone, Willard, D. : The Clinical Significance of High and Low Pulse- 
Pressures, with Special Reference to Cardiac Load and Overload, Jour. Am. 
:Med. Assn., 1913, Ixi, 1236. 
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phase of the auscultatory blood-pressure reading, the C. S. : C. W. ratio 
of. Goodman and Howell and the cardiac overload factor of Stone in 
ten fatal cases of cardiac and cardiorenal disease; in seven cases of 
compensated cardiac disease; in six cases of cardiac decompensation 
which subsequently had compensation restored; in eight cases of 
chronic interstitial nephritis in which the patients are still living, and 
in nine cases of various diseases in which the functional capacity of 
the myocardium was of importance in prognosis. 

The blood-pressure observations were all made in the recumbent 
posture, with a 12 cm. cuff. In the tables, those marked * were made 
with a Tycos instrument, those marked f were made with a Riva Rocci 
and those marked § were made with a Stanton instrument. The aus- 
cultatory method was employed in every case. The first point, the 
appearance of the first tap, was recorded as the systolic pressure ; and 
the fifth point, the disappearance of all sounds, was recorded as the 
diastolic pressure. In the tables — (minus) means that the observation 
was not made; -f- means that the formula could not be worked out. 

In ten cases of cardiorenal disease fifty-three observations were 
made (Table 1). At many of these observations the difference in 
pulse-rate between the recumbent and the erect posture could not be 
obtained because the patients were confined to bed. At none at which 
the observation could be made was the increase excessive. It is signifi- 
cant that at two observations the pulse-rate decreased when the patient 
stood ; in Case 424 there was a decrease of two beats ; in Case 215 there 
was a decrease of six beats. 

The cardiac efficiency factor was above 35 at forty-four observa- 
tions. Once it was 35. In Case 105, a patient with chronic interstitial 
nephritis, pleural effusion, hypertrophy and dilatation of the heart, the 
factor was within normal limits three times and once it was much below 
normal, 19 per cent. The last record in this patient was made eight 
months before his death and the symptoms were more those of pleural 
effusion at the times at which I saw the patient than they were those 
of cardiac failure. In Case 180 likewise, although the patient died of 
uremia and the necropsy showed chronic parenchymatous nephritis, the 
symptomatology was that of indefinite abdominal disease (a chronic 
duodenal ulcer was found at necropsy) and the myocardium was not 
considered seriously impaired. The very high cardiac efficiency factor 
in Case 424 and in Case 511 is interesting in view of the fatal termina- 
tion in two months in the one and within twenty-four hours in the 
other. 

The second phase of the blood-pressure in these cases was below 
40 per cent, of the pulse-pressure, when it could be worked out at 
every observation except four. In Case 215 the second observation. 



TABLE 1. — Blood-Pressure Observations in Ten Fatal Cases of Cardiorenal Disease 


No. 

Date 

Recum- 

bent 

Erect 

100* 

2/ 5/12 

— 

— 


2/13/12 

82 

901 


2/19/12 

76 

— 


2/27/12 

88 

— 


3/ 8/12 

— 

— 


3/14/12 

— 

— 


3/18/12 

— 

— 

101* 

5/ 2/12 

54 

— 


5/ 3/12 

52 

— 


5/ 4/12 

50 

— 


5/10/12 

44 

— 


6/17/12 

61 

! 691 


6/ 8/12 

84 

1 88 


6/15/12 

84 

86 

105* 

2/20/12 

92 

— 


2/28/12 

100 

— 


7/13/12 

841 

88 


8/11/12 

106 

— 

180 

8/25/12* 

S2 

82 

1 

9/16/12t 

84 

— 


9/26/12t 

94 

100 


6/ 6/13t 

84 

98 


8/16/13t 

88 

98 

215t 

11/19/12 

82 

76 


11/29/12 

70 

72 

220* 

11/ 4/12 

122 

— 


12/13/12 

110 

— 

230 

1/ 8/13* 

86 

— 


1/10/13* 

78 

— 


1/15/13* 

SO 

— 


2/ 3/13* 

84 

— 


3/ 3/13* 

72 

— 


3/20/13* 

— 

— 


4/11/13* 

— 

— 


4/21/13* 

78 

— 


5/ 1/13* 

78 

— 


X E. 

Second 

phase 

0. S. : C. W. 

Over- 

load 

% 

% 


% 

42 

3.5 

4- 

23 

49 

14.0 

+ 

46 

39 

14,8 

22.2 : 77.5 

15 

41 

22.5 

+ 

20 

43 

! 12.0 

4- 

25 ^ 

37 

16.0 

4- 

9 

48 

11.4 

71.4 : 28.5 

44 

38 

1 

17.6 

4- 

11 

34 

9.6 

4- 

2 

38 

29.4 1 

4- * 

11 

44 

4- 

4- 

30 

47 

30.0 

4- 

38 

42 

37.5 1 

1 

4- 

22 

36 

31.4 ' 

4- 

8 

30 

4- 1 

4* 

—7 

10 

21 

4- 

—26 

27 

52.6 1 

4- 

—12 

26 

4- 

4- 

—15 

29 

22,7 

1 

4- 

— 8 

31 

13.6 

4- 

—0 

37 

52,9 

76.4 : 23.4 


29 

56.8 

81.8 : 18.0 

—9 

30 

34.2 

44.7 : 55.2 

—6 

42 

29.0 

58.0 : 41.7 

24 

35 

57.1 

67.3 : 32.6 

4 

44 i 

9.4 

71.6 : 28.2 

30 

39 

4- 

4- 

14 

47 

30.0 

4- 

i 40 

45 

39.0 

82.9 : 17.0 

1 32 

41 

38.8 

49.9 : 49.9 

22 

50 

13.0 

1 S6.9 : 12.19 

52 

49 

20.4 

4- 

48 

50 

7.0 

85.9 : 13.9 

53 

49 

9.0 

+ 

46 

45 

20.4 

79.5 : 20.3 

33 

44 

15.2 

28.2 : 71.7 

29 


Kemarks 


Fibroid myocarditis. 

^This observation of the pulse wai 
made in the sitting posture. 


Tincture digitalis, 5 drops, nitroglyc 
erin 1/100 grain four hours, begm 
3/12/12. 

Tincture digitalis stopped. Patiem 
died three weeks after this obser 
vation. 

Chronic parenchymatous nephritis 
Cerebral thrombosis occurred to-day 

Admitted to hospital. 


^This observation of the pulse waj 
made in the sitting posture. 

Improved sufficiently to leave hos- 
pital. 

The patient died twenty-three days 
after this observation was made. 

Chronic interstitial nephritis. 


^This observation of the pulse was 
made in the sitting posture. 

The patient died eight months later. 

Chronic parenchymatous nephritis. 

After three weeks hospital treatment. 

Peeling well. 

Abdominal pain, nausea and vomit- 
ing and vertigo. 

Edema of the ankles, suborbital puffl- 
ness, tingh'ng in fingers. Died seven 
months later. 

Angina pectoris. 

After four brine baths 98 P. Death 
about four weeks later. 

Mitral regurgitation. 

The patient died the next day. 

Chronic interstitial nephritis. 

Patient in bed improving under 
treatment. 


Patient doing well. 

Patient up and about, feeling well. 
Before a brine bath. 

After a brine bath. 


The brine baths do not agree with 
her; feels exhausted and does not 
sleep well. 


In this and the following tables the observations made with the Tycos instrument are marked ♦, those with the Eiva 
Rocci t, and those with the Stanton instrument §. The minus sign means that the observation was not made. The 
plus sign means that the formula could not be worked out. 
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TABLE 1. — (^Continued) 


"o. 

Date 

Recum- 



Second 


Over- 


bent ; 

Erect 

0. E. 

phase 

0. S. : O.W. 

load 

Remarks 


10/ 1/lSt 

82 1 

— 1 

% 

62 

% 

12.0 

87 : 13 

% 

61 

The patient is not feelln^r well. 


U/29/13t 

76 


61 

6.2 

20.9 : 78.8 

55 



12/17/13t 

86 

86 

43 1 

23.7 

90.7 : 9.2 

42 

Nausea. 


1/11/14* 

78 

— 

41 

16.6 

+ 

22 

Eairly well. 


1/31/14* 

— 

— 

43 

+ 


26 

Beginning of last illness. Renal dysp- 



82 


46 

26.5 



nea, nausea and vomiting. 
Pulmonary edema. 


2/ 5/14* 

— 

85.9 : 13.8 

36 


2/12/14* 

80 

— 

1 42 

2.4 


24 

Temporary improvement. 


3/18/14* 

82 

— 

89 

20.6 


16 

Patient not so well. Death one week 


11/11/13 






1 

later. 


100 

— 

48 

39.2 

+ 1 

42 

Auricular fibril ation. 


12/ 1/13 

92 

— 

36 

2.9 

+ 

6 

Nephritis. 


12/ 4/13 

76 

— 

49 

1 + 

+ 

48 



12/ 8/13 

74 

— 

51 

1 

1 

1 + 

1 

58 



12/13/13 

86 

— 

46 

: + 

■ + 

! 35 


1 

i 

12/14/13 

80 

— 

45 

33.3 


31 

Cerebral thrombus. 


1/ 7/14 

70 


42 

35.0 

+ 

22 

Some Improvement in symptoms. The 


U/24/13 

1 


1 



patient died about one month later. 

424t 

90 

88 

58 

+ 

"i* 

83 

Mitral regurgitation. The patient 





1 




died two months later. 

511* 

4/11/14 

92 

— 

72 

.18.7 

81.2 : 18.7 

216 

Uremia. The patient died the next 







momli-g. 


which gave a percentage of 57.1, was made during a temporary 
improvement in the patient's condition. 

The C. S. : C. W. ratio could be worked out at only twenty of these 
observations. The C. S. was greater than the C. W. factor at fifteen 
observations, and the two were equal once. At four observations the 
C. W. factor was greater than the C. S. factor. In the majority of the 
cases an absent point in the auscultatory blood-pressure determination 
makes it impossible to work out this proportion. 

The cardiac overload factor was demonstrable in all cases except 
Case 105 and Case 108. In these the cardiac load was below 50 and 
gave a negative overload factor. In both of these cases the pulse- 
pressure was low. In Case 424 the overload amounted to 88 per cent. ; 
in Case 511 to 216 per cent. 

In seven compensated heart cases (Table 2) thirty-nine observations 
were made. In none was it possible to say that active decompensation 
was present. In Case 15 the chief complaint was weakness ; in Case 127 
it was a sensation of being tired ; in Case 129 nervousness ; in Case 176, 
weakness; in Case 275, rapid pulse; in Case 277, retrosternal pain, in 
Case 419, dyspnea. 
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TABLE 2. — Compensated Heart Cases 




Eecuin- 



Second 


Over- 


No. 

Date 

bent 

Erect 

0. E. 

phase 

0. S. : 0. W. 

load 

Eemarlcs 





% 

% 


% 

Parenchymatous myo- 

15§ 

1/10/11 

— 


40 

52.2 

+ 

18 








carditis. 


1/12/U 



34 

+ 

+ 

6 

Oarhonated brine 








baths being given. 


1/14/11 

— 

— 

44 

63.2 

71.3 : 28.5 

31 



1/16/11 

— 

— 

62 

28.3 

36.9 : 46.6 

59 



1/18/11 

— 

— 

45 

8.6 

+ 

32 



1/20/11 



- 

39 

26.1 

73.7 : 26.1 

15 

Carbonated brine 






i 


baths finished. 


1/21/11 

68 

90 

46 

29.0 

43.5 : 66.3 

37 

Besistance exercises 








begun. 


2/13/11 

— 

— 

66 

10.9 

51.5 : 48.4 

78 



2/20/11 

— 

— 

50 

48.2 

85.7 : 14.2 

53 



2/27/11 

— 

— 

43 

46.9 

69.3 : 30.5 

35 



3/ 6/11 

— 

— 

60 

46.2 

+ 

51 



3/13/11 


- 

40 

; 44.4 

65.5 : 44.4 

18 

Besistance exercises 








finished. 

127 

4/18/12* 

96 

104 

31 

26 

+ 

—4 

Mitral regurgitation. 


6/11/12* 

74 



38 

32 

84 : 16 

12 

During \an attack of 








acute bronchitis. 


10/31/13t 

80 

90 

24 

i 56.6 

+ 

—19 

Digitalis 10 drops p. c. 


11/ 7/13t 

72 

80 

36 

43.7 

62.4 : 37.4 

8 



ll/14/13t . 

90 

1 

38 

30.7 

49.9 : 49.9 

12 


129 

4/23/12* 

80 

: 90 

43 

23.3 

83.3 : 6.6 i 

26 

Mitral regurgitation. 


5/23/12* 

90 

100 

46 

30.4 

4* 

0 



2/15/13t 

78 

100 

44 

31.0 

65.3 : 34.3 

SO 



9/ 8/13t 

88 

108 

S7 

55.5 

+ 

10 

• 

176 

1/13/11§ 

76 

90 

43 

28.3 

62.2 : 37.7 

31 

Parenchymatous myo- 


70 

80 

39 

27.9 

55.8 : 44.1 

15 

carditis. 

l/27/ll§ 


2/10/115 

84 

86 

40 

22.7 

61.3 : 38.5 

18 



2/16/ll§ 

70 

82 

41 

22.9 

+ 

19 

After a course of car- 


64 

I 

78 

40 

18.1 

+ 

16 

bonated brine baths. 

8/11/12* 


8/13/13* 

72 

90 

36 

48.5 

68.6 : 31.3 

8 


227t 

3/10/13 

86 

108 

42 

17.6 

74.0 : 25.8 

44 

Angina pectoris. 


1/28/14 

94 

110 

40 

+ 

+ 

16 

In the Interval the pa- 








tient had had a cere- 
bral embolism. 
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13/ 5/13* 

72 

92 

35 

+ 


— S 

Parenchymatous myo- 








carditis. 


3/20/13* 

68 

— 

35 

+ 

-f 

—8 

Carbonated brine 








baths begun. 


3/S0/13* 

' — 

— 

39 

20 

72 : 23 

14 



4/ 4/13t 

02 

114 

23 

50 

75 : 24.6 

—20 



4/12/14t 

90 

106 

21 

43.4 

4- 

—19 



4/15/14t 

106 

120 

22 

26.0 

^ 4- 

—21 

Carbonated brine 






i 


baths finished. 


4/22/14t 

106 

116 

28 

23.3 

1 49.9 : 49.9 

—10 


419t 

11/20/13 

100 

114 

SO 

-i- 

4* 

— S 

Mitral obstruction. 


12/ 9/13 

96 

— 

24 


4- i 

—18 

Digitalis begun. 

j 1/10/14 

92 

93 

37 

1 


- i 

9 
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In Case 15 the cardiac efficiency factor was above 35 per cent, at 
all observations except one. The second phase, however, was above 
40 per cent, at all observations except five. When the C. S. : C. W. 
ratio could be worked out it was on the side of C. S. seven times and 
on the side of C. W. once. The cardiac overload was above 50 per cent, 
four times and below 50 per cent, eight times. 

In Case 127 the cardiac efficiency factor was never much above or 
below the normal ratio, from 25 per cent, to 35 per cent. The second 
phase was below 40 per cent, at three out of five observations. The 
C. S. factor was above the C. W. at two observations at which the 
ratio could be worked out, and the two were equal at the other observa- 
tion. There was no overload at two observations and at the other 
three the overload was insignificant. 

In Case 129 the cardiac efficiency factor was high at three out of 
four observations. The second phase was below 40 per cent, at three 
observations. At two observations at which the C. S. : C. W. ratio 
could be worked out the C. S. factor was the higher. The overload 
was insignificant. 

In Case 176 the cardiac efficiency factor was slightly in excess. The 
second phase was below 40 per cent, at all observations except the last. 
The C. S. : C. W. ratio could be worked out at four out of six observa- 
tions, and the C. S. factor was always greater. The cardiac overload 
was not great. 

In Case 275 seven observations were made. The cardiac efficiency 
factor was always in the neighborhood of normal limits. The second 
phase was above 40 per cent, at two only. At three only could the 
C. S. : C. W. ratio be determined; at two of these the C. S. was greater 
than the C. W. ; at the other the two factors were equal. The overload 
factor was a minus quantity at all observations except one, at which it 
was insignificant. 

In Case 277 the cardiac efficiency factor was above the normal. The 
second phase was low at the observation at which it could be worked 
out. The C. S.:C. W. ratio was in favor of the C. S. factor. The 
overload was 44 per cent, at the first and 16 per cent, at the second 
observation. 

In Case 419 the cardiac efficiency factor was about normal. The 
second phase and the C. S. :C. W. ratio could not be worked out. 
There was no overload factor except an unimportant one at the last 
observation (9 per cent.). 

In six cases (Table 3) compensation was lost at the time the 
patients were first seen, but was restored after treatment so that they 
could resume their usual occupations. Three of the patients suffered 



TABLE 3. — Cases in Which Compensation Was at First Lost to Be Restored 

Subsequently 




Eecum- 



Second 


Over- 


No. 

Date 

bent 

Erect 

0. E. 

phase 

0. S. : 0. W, 

load 

Kemarks 





% 

% . 


% 


147at 

10/ 2/13 

84 

98 

I 24 

+ 

+ 

—19 

Mi tral regurgi ta tion. 




I 




Decompensated. Am- 
bulant. 



11/ 4/13 

76 

92 

36 

4- 

4- 

8 

Compensated. 


1/ 8/14 

84 



46 i 

+ 

4- 

36 

Partially decompen- 








sated. 


4/ 4/14 

66 

74 

1 

S3 

4- 

4- 

0 

Compensated 

191 

9j2aim 

68 

86 

45 

15.7 

70 : 29.8 

33 

Mitral regur gi t ation. 









Compensated. 


12/ 3/12* 

64 

70 

49 

+ 

4- 

46 

Acute dilation. 


12/ 6/12* 

60 

— 

40 ! 

20.0 

40 ; 6*0 

IT 

In bed under treat- 









meat improving. 


12/l7/12t 

70 

90 

48 

31.0 

68.9 : 30.9 

43 

Up and about the 








house. Compensation 
restored. 



12/26/12t 

76 

96 

i 62 

29.8 

74.5 ; 25.3 

61 

After three carbonated 








brine baths. 


1/ 8/13t 

86 

96 

45 

36.8 

75.3 ; 24.8 

32 

After six carbonated 








brine baths. 


l/10/13t 

68 

84 

49 

22.0 

55.8 : 43.8 

48 

After nine carbonated 








brine baths. 


l/17/13t 

70 

86 

60 

30.6 

72.5 : 27.3 

48 

After twelve carbo- 








nated brine baths. 


2/ 6/13t 

72 

94 

52 1 

45.4 

60.5 : 39.3 

60 

After eighteen carbo- 




1 




nated brine baths. 


4/10/13+ 

72 

! 84 

44 1 

45.0 

64.6 ; 35.2 

29 

Just before going to 








Bad Nauheim. 


9/10/13+ 

70 

1 80 

52 

46.1 

76.8 : 22.9 

58 

Two months after re- 


1 

1 1 

1 





turning from Bad 
Nauheim. 



1 - 1/10/14+ 

86 1 

114 

45 1 

4- 

4- 

29 

After carbonated brine 



. 





baths. 


3/12/14+ 

66 

— 1 

61 

30.6 

74.1 : 25,7 

55 


291 

3/24/13* 

‘ 102 


88 

9.8 

64.7 : 35.1 

178 

Aortic regurgitation. 


1 






Marked decompensa- 
tion. 



6/ 5/13* 

112 i 

— 

68 

4- 

4- 

90 

Improving. 


10/ 0/13* 

86 

— 

71 

16 

86 : 14 

200 

Compensated 


11/ 6/13+ 

74 

80 ' 

74 

20.6 

32.0 : 67.7 

240 



12/16/13+ 

74 

80 

80 

15.2 

80.9 : 18.9 

370 


373t 

8/27/13 

SO 

86 

88 

13.7 

4- 

1 723 

Aortic regurgitation. 









Decompensated. 


9/ 1/13 

68 

76 

84 

1 4.5 

1 22.6 : 77.2 

500 

Some improvement. 

m 

10/19/13* 

82 

90 

40 

15.3 

! 19.1 : 80.7 

16 

Mitral regurgitation. 






I 

1 


Partially decompen- 
sated. 


10/20/13* 

84 

— 

34 

4“ 

4- 

2 

Twenty- four hours rest 


78 

— 

43 

4- 

4- 

26 

in bed. 

10/22/13* 


10/28/13* 

82 

— 

60 

19.3 

i 70.9 : 28.9 

50 



11/ 6/13* 

11/25/13* 

72 

— 

44 

23.3 

15.6 

1 33.3 : 66.6 

31 

Patient allowed to sit 
up. Compensated. 


• 70 

80 i 

46 

59.1 : 40.6 

36 


12/ 4/13* 

74 

— 

39 

34.6 

38.4 : 61.5 

15 



12/24/13* 

84 

— 

42 

32.0 

SO : 20 

23 



1/ 8/14* 

78 

— 

49 

34.3 

65.5 : 34.3 

46 



2/20/14+ 

70 

— 

45 

25.9 

66.6 : 33.3 

31 



3/27/14+ 

76 

82 

45 

13.1 

86.8 : 13.0 

32 


456* 

1/ 5/14 

88 

— > 

39 

4* 

4* 

14 

Auricular fibrillation. 









Decompensated. 


1/27/14 

84 

— 

30 

i 91 

*r 

—7 

Compensation reestab- 






i 



lished. 
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from mitral regurgitation, two from aortic regurgitation and one from 
auricular fibrillation. 

In Case 147a the variation in the pulse-rate between the recumbent 
and the erect posture was 14, 16 and 8 beats at three observations. The 
cardiac efficiency was below 25 per cent, when he was first seen ; was 
36 per cent, at the second observation when compensation was good; 
46 per cent, at the third observation when compensation was again 
partially lost, and 33 per cent, at the fourth observation, when com- 
pensation had again been restored. The second phase and the C. S. : 
C. W. ratio could not be determined. The cardiac overload was 19 per 
cent, negative at the first observation during decompensation; 8 per 
cent, at the second observation when compensation was restored ; 36 per 
cent, at the third observation when compensation was again lost, and 0 
at the fourth observation when compensation was restored. 

In Case 191 the pulse increase between the recumbent and the erect 
posture was over 10 beats at eight observations, both during an attack 
of acute dilatation and after compensation had been restored. .The 
cardiac efficiency factor was above 35 per cent, at every observation. 
The second phase rose during the course of carbonated brine baths 
from 15.7 per cent, to 45.0 per cent.; the C. S. ; C. W. ratio fluctuated, 
and the overload varied, being 46 per cent, just after the acute dilatation 
occurred and increasing to 61 per cent, and 60 per cent, at two obser- 
vations during the course of carbonated brine baths. 

In Case 404 the observations on the pulse-rate in the recumbent 
and the erect postures were not systematically made. The cardiac 
efficiency factor fell from 40 per cent, to 34 per cent, after twenty-four 
hours in bed, but subsequently rose and was 39 per cent, or over at all 
the subsequent observations. The second phase formed 15.3 per cent, 
of the pulse-pressure at the first observation, but improved and at one 
time formed 34.6 per cent, of the pulse-pressure. The C. S. : C. )W. 
ratio was at first 19.1 : 80.7 and subsequently varied, but the C. S. 
factor was greater than the C. W. factor at six out of eight observa- 
tions. The cardiac overload was never excessive, the highest being 
50 per cent, nine days before the patient was allowed to get up. 

In the cases of aortic regurgitation the cardiac efficiency factor was 
very high both during decompensation and during compensation. The 
second phase was low at all times, the C. S. ; C. W. ratio varied and the 
cardiac overload was excessive. 

In the case of auricular fibrillation the cardiac efficiency factor was 
39 per cent, during decompensation and 30 per cent, during compensa- 
tion. The phases could not be determined during decompensation ; but 
after compensation had been established the second phase formed 
91 per cent, of the pulse-pressure. The cardiac overload factor was 



TABLE 4. — Cases of Chronic Nephritis 


No. 

Date 

Eecum- 

bent 

Erect 

0. E. 

Second 

phase 

0. S. : 0. W. 

Over- 

load 

Eemarhs 





% 

% 


% 


104 

2/19/12* 

68 

76 

36 

11.5 

+ 

6 

Chronic nephritis. 









Arhythmia. 


2/29/12* 

76 

— 

54 

7.1 


70 



3/ 7/12* 

78 

— 

40 

+ 

+ 

47 



3/18/12* 

76 

88 

44 

+ 

1 

1 4- 

33 



4/24/12* 

60 

64 

67 

17.6 

4- 

83 



6/ 8/12* 

70 

72 

55 

11.1 

68.8 : 31.0 

78 



5/29/12* 

74 

98 

42 

10.3 

4- 

24 



6/26/12* 

74 

84 

33 

4- 

4* 

1 

Arhythmia cleared up. 








<( 

Feeling well. 


8/13/12* 

68 

78 

36 

13.3 ; 

4- 

7 



9/15/l2t 

80 

88 

33 

+ : 

4- 

1 



12/30/12t 

82 

94 

29 

25.6 : 

46.4 : 53.4 

—7 



10/22/13t 

86 

92 

41 

26.3 

4- 

21 

Eeturn of arhythmia. 

154» 

6/24/12 

74 

88 

41 

32.5 

4- 

21 

Chronic nephritis. 


6/30/12 

74 

83 

42 

16.2 

4- 

24 



7/ 8/12 

82 

96 

i 40 

1 

27.7 

4- 

16 



7/15/12 

74 

78 

40 

19.0 

4- 

16 



7/22/12 

72 

74 

38 

31.7 

4- 

13 

Electric hght baths 




1 j 





finished. 


8/ 5/12 

— 

— 1 

42 

31.2 

4* 

25 



9/ 2/12 

— 

— 1 

38 

23.8 

+ 

12 


268t 

2/28/12 

74 

SO 1 

40 

19.6 

74.1 : 25,6 ! 

i 

17 1 

Chronic nephritis. 


4/ 8/13 

68 

72 ! 

39 

21.3 

29.4 : 70.4 i 

1 

14 



4/22/13 

78 

86 

30 

32.0 

52 : 48 

—7 



6/ 2/13 

72 ! 

1 

78 

39 

48.4 

64 : 35.8 

14 



6/30/13 

90 

96 

38 

29.6 

90.4 : 9.3 

10 

i 


7/31/13 

74 


34 

25.0 

82.6 : 17.2 

2 



8/28/13 

— 

— 

37 1 

16.6 

1 

33.2 : 66.6 

1 10 



11/11/13 

64 

68 

38 

+ 

4- 

16 

' Electric light baths 









begun. 


1/ 4/14 

72 

76 

34 

+ 

4- 

3 



2/28/14 

70 

74 

38 

23.7 

88.1 : 11.7 

1 

11 



3/19/14 

60 

68 

28 

68,5 

4- 

—12 



4/ 9/14 

63 

74 

33 

47.5 

70 : 30 

0 


431t 

11/24/13 

62 

72 

55 

28.7 

91.2 : 8.7 

73 

Chronic nephritis. 


12/ 6/13 

70 

78 

54 

41.6 

83.2 : 16.6 

70 



12/22/13 

70 

92 

52 

3^1.8 

95.4 : 4.5 

61 

Electric light baths 









finished. 

47S 

2/lS/14t 

66 

74 

44 

12.0 

78.6 : 21.2 

24 

Chronic nephritis. 


S/lS/14t 

78 

84 

62 

19.7 

61.9 : 38.0 

59 



3/29/14* 

72 



41 

+ 

4“ 

21 

Attack of auricular fib* 









rillatlon. In bed. 


S/SO/14* 

72 

— 

36 

( 

•f 

4- 

j 

6 



S/31/14* 

104 

— 

I 42 

t 

1 ' 

4- 1 

24 
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TABLE 4. — (Continued) 




Recuin* 



Second 


Over- 


No. 

Date 

bent 

i Erect 

0. E. 

phase 

i 

0. S. : 0, W. 

load 

Remarks 





% 

% 


% 


479 

2/21/14t 

100 

— 

44 

+ 

+ 

29 

0 h r 0 n 1 c nephritis 


2/28/14* 


1 


1 


! 

Hyperthyroidism. 



' — 

36 

36.8 , 

86.8 : 13.0 

8 

In bed one week. 


3/ 9/14* 




42 

6.9 

4- 

22 

Hospital, Hot brin 


3/12/14* 







baths and blanke 
packs. 


80 

— ! 

89 

15.3 

4- 

15 



3/16/14* 

.74 

' 1 

42 

+ 

A. 

25 


1 

3/23/14* 

90 

— 

41 

31.7 

4- 

21 

1 

! Returned from hospi 
tal. 


3/28/14* 

90 

— 

36 j 

+ 

4- 

6 

1 


4/ 8/14t 

96 

96 

1 

44 , 

3.6 

4- 

1 31 



4/22/14t 

108 

120 

! 

6.5 

85.4 : 14.4 

19 



14 per cent, during decompensation and was 7 per cent, negative after 
compensation had been regained. 

We must not forget in the interpretation of these results that after 
compensation is restored these hearts are diseased. Valvular defect 
and the compensatory hypertrophy still make the heart an abnormal 
organ. 

In six cases of chronic nephritis forty-eight observations were made 
(Table 4). The pulse-rate in the erect posture was more than ten 
beats above that in the recumbent posture at eight observations. The 
cardiac efficiency factor was above 35 per cent, at forty observations. 
The second phase formed less than 40 per cent, of the pulse-pressure at 
thirty-two. The C. S. : C. W. ratio, when it could be worked out, 
showed the C. S. factor in excess of the C. W. factor at fifteen obser- 
vations, and a C. W. factor greater than the C. S. factor at three obser- 
vations. The overload varied, but was above 50 per cent, at seven 
observations. The load was below the normal of 50 per cent, at three 
observations. 

In Case 154 and Case 268, both of which showed a small overload, 
the symptoms were never urgent during the period of observation. 

In general, it seems safe to conclude that all of these factors may 
be looked on as indicating to some extent the ability of the myocardium 
to perform its work. The variation in the pulse-rate between the 
recumbent and the erect posture is perhaps the least reliable. 

A cardiac efficiency factor above 35 per cent., a second phase form- 
ing less than 40 per cent, of the pulse-pressure, and a cardiac overload 
approaching 50 per cent, or more than 50 per cent, may be looked on 
as pointing to myocardial insufficiency. The C. S. : C. W. ratio in many 
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cases cannot be worked out because the fourth point cannot be deter- 
mined ; but when it can be worked out a C. W. factor in excess of the 
C. S. factor points to serious myocardial disturbance. 

I have selected nine cases from my records for the purpose of 
illustrating the way these factors work out on patients who clinically 
cannot be classed as cardiacs or as nephritics. 

Case 125. — ^Man, aged 54 years when first seen April 7, 1912. Chief com- 
plaint, nervousness and irritability. Physical examination revealed overweight, 
weak heart muscle, low blood-pressure, irritable pulse. Blood examination 
revealed chloro-anemia, lymphocytosis. May 3, 1913, a diagnosis of acute dila- 
tion of the heart was made on account of an increase in the oblique diameter 
of cardiac dulness from 18 cm., Oct. 7, 1912, to 22 cm., muffled heart sounds 
and an impure systolic sound with cyanosis, palpable liver edge, a drop of the 
systolic blood-pressure from 100 mm. to 95 mm. and a sensation of precordial 
distress. In August, 1913, he had an attack of acute dyspeptic diarrhea after 
eating clams. In April, 1914, he had acute bronchitis. 

TABLE 5. — Observations in Case 125 


Date 


Erect 

i 

0. E. 

Second 

phase 

0. S. ; C. W. 

Over- 

load 

Remarks 

4/ 7/12* 


1 86 

' % 

1 26 

% 

+ 

1 

+ 1 

% 

—14 


7/14/12* 

60 

70 

1 35 

36.8 

4- 



10/ 7/12t 

66 

72 

so 

23.3 

+ 

— 8 

Clinically acute dilata- 

5/ 3/13t 

72 

90 

so 

62.0 

72,3 : 27.4 

! 

tion of th J heart. 

5/23/13t 

53 

68 

35 

42.8 

57.0 : 42.8 | 

4 


5/27/13t 

64 

74 

32 

46,8 

-f 

~2 


7/20/13t 

56 

64 

31 

40.7 


-5 


9/ l/13t 

58 I 

70 

34 

+ 


1 

Tincture digitalis, 6 

4/12/14t 

58 

• . 1 

33 



0 

minims p. c. 

Digitalis stopped. 


A study of the factors set forth in tabular form would seem to show that 
this myocardium was competent. 

Case 162. — Man, aged 37 years when first seen, July 10, 1912. The chief 
complaint was that a life insurance examiner had rejected him on account of 
pulmonary tuberculosis. Physical examination revealed healed pulmonary 
tuberculosis, slight hypertrophy of the heart, arhythmia, gastrectasia, high blood- 
pressure. After a month spent in the Adirondack Mountains, at Fourth Lake, 
his symptoms had markedly improved, but the arhythmia persisted. After tak- 
ing sodium iodid for two months the arht’^thmia was still present. A polygraphic 
tracing showed the irregularity to be due to ventricular extrasystoles. Later 
the arhythmia temporarily disappeared. In March, 1913, he had an attack of 
spasmodic torticollis. In August, September and October, 1913, he had two 
attacks of acute constipation, and two attacks of acute epigastric pain. A bis- 
muth roentgenogram, made by Dr. M. B. Palmer, showed no organic stomach 
disturbance. The circulatory study would indicate a competent myocardium. 
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Case 203. — ^Man, aged 42 years when first seen, Oct. 30, 1912. Chief com- 
plaint, cardiac arhythmia for sixteen or seventeen years. Physical examination 
revealed scoliosis, arhythmia, high blood-pressure, rapid pulse. Urine: Spe- 
cific gravity 1.029 to 1.021; albumin, trace at one examination in five; a few 
hyaline casts twice, a few epithelial casts twice, no casts once. Eye-grounds 
negative after an attack of acute dyspeptic diarrhea in March, 1914 (examina- 
tion made by Dr. A. C. Snell). At the time a polygraphic tracing was made 
the pulse was regular. The increase in heart rate between the erect and the 
recumbent postures, I ascribe to nervous influence. The patient had been badly 
scared by serious prognoses given him about his heart. The study of the cir- 
culation would indicate a competent myocardium. 


TABLE 6. — Observations in Case 162 



Recuml)- 



Second 



Date 

bent 

Erect 

0. E. 

- 

phase 

0. S. : 0. W. 

Overload 

7/10/12* 

58 

74 

% 

88 

% 

44.4 

85.1 : 14.8 

% • 

12 

S/19/12» 

66 

1 82 

39 

26,8 

+ 

15 

ll/19/12t 

72 

78 ^ 

31 

33.3 

69.1 : 30.6 

—4 

12/17/12t 

70 

78 

26 

57.6 

87.8 : 12,0 

—16 

2/19/I8t 

70 ! 

82 

44 

60 

j 

63.4 : 36.4 

30 

3/21/13t 

66 

74 

21 

31.8 

63.6 : 36.3 

—23 

9/29/131 

74 

90 

33 

37.6 

62.5 : 37.6 

0 

10/18/13t 

76 

— 

31 ! 

1 

42.8 ! 

.1 

59.9 : 39.9 

—4 


TABLE 7. — Observations in Case 203 



Eecum- 



Second 

1 1 

Over- 


Date 

bent 



phase 

i 

0, S. : 0. W. 

load 

Bemarlcs 




% 

% 


% 

Electric light baths and 

10/30/12t 

72 

96 

35 

35 

+ 

5 








massage. 

11/ 8/12t 

82 

88 

30 

26.5 1 

77.5 : 22.4 

—6 

- 

ll/22/12t ■ 

78 

80 

27 

37.6 

+ 

—12 


ll/29/12t 

76 ' 

96 

26 

37.8 

64.8 : 35.1 

—16 

Electric light baths fin- 

74 

88 

27 

59,5 

+ 

—12 

Ished. 

12/28/12t 

2/ 8/13t 

78 

88 

33 

65,2 

+ ! 

1 

1 


3/ 8/13t 

84 

100 

30 

63.6 

79.6 : 20.3 1 

—6 


6/ 2/13t 

78 

90 

33 

35.3 

66.5 : 33.2 

—1 


ll/18/18t 

88 

— 

27 

11.9 

+ 

—12 


3/ 4/14* 

— 

— 

28 

60.0 


—18 

Acute dyspeptic diar- 
rhea. 

S/15/14t 

90 

•* 

27 

13.3 


—13 


Case 233. — Man, aged 57 years. Chief complaint three persistent colds in 
six weeks. Physical examination revealed acute nasopharyngitis, pulmonary 
emphysema, palpable liver edge. The examination of the heart gave the fol- 
lowing results: “P. M. I. fifth interspace, 10.5 cm. to the left of the midsterna 
line. Dulness, third rib, fifth interspace, 2.5 cm. to the right of the midsternal 
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line, 11 cm. to the left of the midsternal line. • Oblique diameter of cardiac dul- 
ness, 17.5 cm. No murmurs. The aortic diastolic sound is louder than the 
pulmonary diastolic sound. The muscular quality of the systolic sound is good. 
Blood pressure, recumbent, Riva Rocci instrument: 


First point 157 

Second point 150 

Third point 135 

Fourth point 105 

Fifth point 100 


First phase 12.2 per cent. 

Second phase 26.3 per cent. 

Third phase 52.6 per cent. 

Fourth phase 8.7 per cent. 

C. S. : C. W. : : 78.9 : 20.9 


“Pulse-pressure, 57 ; cardiac efficiency, 35 per cent. ; cardiac load, 57 per cent. ; 
overload, 7 per cent.” 

The cardiac symptoms were dyspnea and palpitation of the heart on exer- 
tion. The cardiac condition was considered at the time of the examination to 
be a part of an obesity; the patient was 5 feet, 9 inches tall and weighed 180 
pounds, 15 ounces. The myocardium was thought to be competent. “The car- 
diac condition is thought to be due to the increased deposit of fat in the epi- 
cardium and not to degenerative changes in the muscle fibers.” 

Case 299. — ^Woman, aged 40 years. Chief complaint, irregular heart. Physi- 
, cal examination revealed palpable liver, arhythmia. “Heart : P. M. I., not 
obtainable. Dulness, third rib, fifth interspace, 3 cm. to the right of the mid- 
sternal line, 10.8 cm. to the left of the midsternal line. Oblique diameter of 
cardiac dulness, 16 cm. The sounds at the apex are clear. The sounds at the 
base are clear. The pulmonary diastolic sound is louder than the aortic diastolic 
sound. The muscular quality of the systolic sound is good.” Blood-pressure, 
recumbent, Riva Rocci instrument: 


First point 124 

Second point 119 

Third point 100 

Fourth point 80 

Fifth point 75 


First phase 10.2 per cent. 

Second phase 38.7 per cent. 

Third phase 40.8 per cent. 

Fourth phase 10.2 per cent. 

C. S. : C. W. : : 79.5 : 20.4 


Pulse-pressure, 49; cardiac efficiency, 39 per cent.; cardiac load, 61 per cent.; 
overload, 11 per' cent; The urine contained neither albumin nor casts. The 
blood showed a polycythemia, low color index, high lymphocyte percentage 
(26.8 per cent.), and eosinophilia (8.4 per cent.). A polygraphic tracing gave 
a distinct pulsus bigeminus. The analysis of the functional tests would leave 
some doubt concerning the capacity of the myocardium. 

Case 309. — Woman, aged 47 years. Chief complaint, attacks of palpitation 
of the heart. Physical examination revealed palpable thyroid body, hyper- 
trophy of the heart, gallop rhythm, palpable and tender liver edge, gastrectasia, 
high blood-pressure. The urine contained a trace of albumin and a few hyaline 
casts at the first examination. Gastric analysis, after Ewald test breakfast: 
Amount removed, 45 c.c. ; free hydrochloric acid, 28; total acidity, 48; lactic 
acid, negative; occult blood, negative. Microscopic large amount of partly 
digested food not finely divided. (Examination made by Dr. C. C. Sutter.) 
Bismuth roentgenogram showed cowhorn type of stomach, with the greater 
curvature just below the umbilicus. (Examination made by Dr. M. B. Palmer.) 

At the first examination there was definite evidence of disturbance of myo- 
cardial function, which improved while under treatment directed toward the 
dilated stomach. After the patient had omitted her treatment for about ten 
days the evidence of myocardial disturbance returned. 

Case 327. — ^lan, aged 45 years. Chief complaint pain in right side of chest. 
Physical examination revealed palpable liver edge, low blood-pressure, slow 
pulse. Urine, no albumin, one hyaline cast seen. Increase in pulse-rate between 
the recumbent and the erect posture, 10 beats; cardiac efficiency within normal 
limits ; second phase below normal ; impossible to obtain C. S : C. W, ratio. 
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No overload. It is possible that the low second phase and the impossibility of 
. working out the C. S. : C. W. ratio on account of the absence of the fourth point 
may point to myocardial weakness ; but there was no clinical evidence of it. 

Case 405. — Man, aged 49 years. This patient had been refused the renewal 
of a life-insurance policy because his systolic blood-pressure was high (154 mm.). 
Physical examination showed a slight increase in the oblique diameter of car- 
diac dulness (17 cm.), palpable liver edge, slow pulse and an increase of twenty 
beats between the recumbent and the upright posture. Urine examinatioii . 
Specific gravity, 1.030. No albumin, no casts. The second phase, 12.7 per 
cent, and the C. S. : C. W. ratio of 32.7 to 67.2 in favor of myocardial weakness 
are balanced by a cardiac efficiency of 35 per cent, and an overload of only 
5 per cent. 

TABLE 8. — Observations in Six Cases 
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Case 409. — Man, aged 54 years. Chief complaint, abdominal pain. Physical 
examination revealed slight exophthalmos, enlarged thyroid body, beginning 
pulmonary emphysema, increased area of cardiac dulness, palpable liver edge, 
high blood-pressure, and rapid pulse. The patient complained of right-sided 
abdominal pain, which was relieved by a cathartic, and some dyspnea and palpi- 
tation of the heart on exertion, which he ascribed to his weight. Although he 
was apparently in perfect health, the physical examination showed definite but 
early changes in thyroid body, heart, lungs and liver. He weighed 203j4 
pounds, an excess of 26 pounds for his height, 5 feet, 11J4 inches. The urine 
had a specific gravity of 1.011 and 1.012. Neither albumin nor glucose was 
present. There was a slight excess of indican. The microscope showed pi^, 
round epithelium and phosphates, ^ 

The cardiac efficiency factor and the second phase would point to ^ome 
myocardial deficiency, although the C S. : C. W. ratio and the overloa^/iactor 
would not indicate such weakness. A course of electric light baths/was fol- 
lowed by subjective improvement: that is, while he was not compl^mng before 
the baths were taken, he felt better after they had been finisl.'cd and then 
realized that he had not been quite up to the mark. The cardiac efficiency 











JOHN M. SWAN 


285 


factor, the second phase, the C. S. : C. W. ratio and the overload then all pointed 
to myocardial defect. Three months later the urine had a specific gravity of 
from 1.026 to 1.028 and contained glucose. After two weeks on a low carbo- 
hydrate diet the total quantity of urine was 2,470 c.c. ; specific gravity, 1.012 ; 
there was a trace of albumin by the Tsuchiya method; no glucose. Six weeks 
later the total quantity was 2,087 c.c. ; specific gravity, 1.016 ; neither albumin 
nor glucose; no excess of indican. 

CONCLUSIONS 

It appears to me legitimate, from the study of the cases herein 
reported, to conclude that all four of these factors have some value in 
determining the efficiency of the myocardium. I am inclined to think 
at present that the cardiac efficiency factor of Tigerstedt, and the per- 
centage of the pulse pressure formed by the second phase, are the most 
important. A cardiac efficiency factor of 40 per cent, or over would 
seem to point out distinct myocardial inefficiency. A second phase of 
30 per cent, or under would seem to indicate the same condition. 

The C. S. : C. W. ratio is less important, I think, because it so often 
cannot be determined ; and again, because a small second phase is very 
frequently made up by a large third phase. On the other hand, a 
C. S. : C. W. ratio in which the C. W. factor is greater than the C. S. 
factor is indicative of disturbance of the myocardium, functional if 
not organic. I am inclined to think at present that the overload factor 
of Stone is indicative more of peripheral resistance than of myocardial 
weakness. A cardiac load below 50 per cent., as determined by this 
method, giving a negative overload may have some significance ; but it 
will require further study to determine its nature. 



THE THERAPEUTIC ACTION OF lODIN* 

JAMES W. JOBLING, M.D., and WILLIAM PETERSEN, M.D. 

NEW YORK 

Though iodin in the form of inorganic iodids or as organic com- 
pounds has been used for years, and is one of the most important 
drugs in the Pharmacopeia, little is known concerning its action in the 
body. This lack of knowledge applies particularly to its effect in 
causing the absorption of necrotic material such as is found in gummas. 

The results obtained with the iodids have been variously ascribed 
to their influence in the general metabolism of the body; to their sup- 
posed action in causing a fall in blood-pressure; to a change in the 
viscosity of the blood ; to a lymphocytosis ; to an increase in the activity 
of the lymphatics, and to the oxidizing properties of the nascent iodin. 

Binz^ and Hinz- believed its action to be due to the oxidizing prop- 
erties of the nascent iodin, which, according to Hinz, renders the 
blood-vessels more permeable and makes the leukocytes more active. 
Romberg® suggests that its action may be due to some change in the 
blood, and Muller and Inada^ state that this change consists in an 
alteration of the viscosity. Determann,® however, denies that there is 
a. change in the viscosity of the blood following the administration of 
iodids. 

Various authors have ascribed the action of iodin to its property of 
causing a fall in blood-pressure, but Stockman and Charteris® state 
that there is no fall in blood-pressure when iodids are given. Lehn- 
dorf,^ however, in a recent paper states that iodids do cause a fall of 
the blood-pressure, and believes that the lowered blood-pressure aids 
healing by permitting a better circulation of blood through the dis- 
eased area. 

Much work has been done on the absorption, distribution and 
excretion of iodin ; we shall, however, refer only briefly to this. All 
who have investigated the subject have found that the inorganic 

* Submitted for publication July 27, 1914. 

* From the Department of Pathology of the College of Physicians and Sur- 
geons, Columbia University. 
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iodids are absorbed very rapidly, and in the main are excreted as 
inorganic compounds, while the organic compounds, especially those 
in which the iodin is combined with fatty acids, as in iodipin, are 
absorbed and excreted more slowly. According to Winternitz,® iodipin 
is absorbed from the intestinal tract as iodized fatty acids, and by 
oxidation of these the iodin is split off and is excreted principally in 
the form of inorganic iodids. Wells® concludes from his work that 
when iodipin is injected into the subcutaneous tissues it is carried in 
the blood chiefly as inorganic iodids. McLean^® made a study of the 
distribution of iodin in the body of rabbits which had received several 
doses of potassium iodid, and found that the lipoid fractions of the 
tissues contained 32 per cent, and the water-soluble fraction 67 per 
cent, of the iodin. The extracted protein contained no iodin. The 
older view that iodin combines with the proteins of the body has been 
disproved by McLean and other observers. We believe we are justified 
in assuming that a large part of the iodin combines with the lipoids, 
as the work of McLean and Winternitz indicates that such organic 
compounds, whether given as such or formed in the body, are in turn 
readily oxidized, and the iodin excreted chiefly as inorganic compounds. 
Brdking^^ has shown that iodin administered as iodized fats or fatty 
acids is not excreted so rapidly as when given in the form of potassium 
iodid. This is to be expected, as absorption would be less rapid, and 
new compounds must be formed before it can be excreted, whereas 
potassium iodid is more readily absorbed and excreted as such. 

Reference books on pharmacology and therapeutics afford but little 
information on the action of iodin. Forschheimer^® states that iodin 
stimulates the activity of the lymphatics and increases the energy of 
the nutritive processes, and thus promotes the absorption of disease 
products. Schmiedeberg^® states that iodin does not exert a specific 
action on any organ, but causes a change in metabolism and in nutritive 
processes in general. 

In the present work we have confined our investigations of the 
action of iodin to its influence on the antitrypsin of the blood and 
tissues, as we believe that the antitrypsin is the most important factor 
in preventing the resolution of necrotic tissues such as are found in 
infarcts, and in the caseous areas in syphilis and tuberculosis. 

8. Winternitz, H. : jMiinchen. med. Wchnschr., 1903, i, 1241. 

9. Wells, H. : Ztsclir. f. physiol. Chem., 1905, Ixv, 412. 

10. jMcLean, F. C. : Organic Iodin Preparations, Their Pharmacology and 
Therapeutic Value, The Archives Ixt. Med., November, 1912, p. 505. 

11. Broking, E. : Ztschr. f. exper. Path. u. Pharmakol., 1911, viii, 125. 

12. Forschheimer, F. : Therapeusis Int. Dis., 1913, ii, 404. 

13. Schmiedeberg, O. : Grundriss d. Pharmakologie, 1913, Ed. 7, p. 449. 



ANTITRYPSIN 


In a recent publication^'^ we reported that the ferment-inhibiting 
action of serum is due to the presence of compounds of the unsaturated 
fatty acids. The ease with which they can be extracted by chloroform 
or ether indicates that they are either free acids, or that they are 
combined with lipoids. The influence of chloroform on the antitrypsin 
of serum and the rapidity with which it acts is shown in Chart 1. In 
this experiment two volumes of chloroform were added to fresh serum 
and the mixture was placed in the incubator for one hour. During 
this time it was shaken thoroughly at short intervals. At fifteen-minute 
intervals some of the serum was removed and tested for its ferment- 
inhibiting properties. In separating the serum from the chloroform it 
is necessary to centrifuge at high speed for about five to ten minutes. 



Chart 1, — Rate of removal of serum antitrypsin by chloroform extraction 
at 37 C. (98.6 F.). 


and then to filter several times through coarse filter-paper until the 
serum is quite clear and all the chloroform evaporated. This experi- 
ment demonstrates that the ferment-inhibiting action of the serum is 
almost wholly lost after sixty minutes’ incubation with chloroform. 

That the inhibiting action is due to fatty acids is shown by the 
following experiment, the results of which are shown in Chart 2. 

Ether was added to fresh dog-serum, and the mixture was allowed 
to stand at room temperature for two days. The ether was then 
removed, evaporated to dryness and the substance remaining saponified 

14. Jobling, J., and Petersen, W.: Jour. Exper. Med., 1914, xix, 459. 
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by means of sodium alcoholate. After evaporating to dryness, the 
soaps were dissolved in water, the acids liberated in the usual manner, 
taken' up in ether and resaponified. These soaps and some of the 
untreated serum were then tested to find out their ferment-inhibiting 
action. 

The chart shows that the soaps prepared from the ether extract 
cause nearly as much inhibition as the untreated serum. Subsequent 
experiments showed that the chloroform and ether extracts lost their 
ferment-inhibiting action if they were first treated with iodin, which 
indicates that the active agents were the unsaturated fatty acids. 

The demonstration that the antitryptic action of the blood and of 
tuberculous caseous matter is due to the presence of unsaturated fatty 
acids suggested to us the possibility that the action of iodin in the body 
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Chart 2. — ^Antitryptic effect of saponified ether extract of normal serum. 
Solid line, inhibition of normal serum; broken line, inhibition of saponified 
extract. 


may be due to a combination with the fatty acids, thus causing a 
neutralization of the activity of these substances as ferment-inhibiting 
agents. If this supposition proved true, the neutralization of the 
activity of these agents should lower the antienzyme strength or the 
blood-tissues in general and permit the removal of dead tissues by 
autolysis. 

The next experiment was made to determine the influence of potas- 
sium iodid on the antitrypsin of guinea-pig serum. 

Fresh guinea-pig serum was mixed with potassium iodid in the 
proportion of 0.2 gm. of the iodid to 1 c.c. of the serum, and the mix- 






ture placed in the incubator over night. Some of the untreated serum 
was used as a control. Chart 3 shows the results of this experiment. 

The chart shows the great decrease in antitryptic strength of the 
serum after treatment with potassium iodid. Similar results were 
obtained when the serum was treated with hydrogen dioxid. The fore- 
going observations led us to study the antitryptic strength of the serum 
of patients to- whom iodids were being given. It seemed probable, 
especially from the results obtained by McLean, that some of the iodin 
would combine with the unsaturated fatty acids of the body, and as a 
result lower the antitryptic strength of the serum and of the tissues in 
general. This decrease in antitrypsin would permit the ferments norr 
mally present in the necrotic areas to become active, and thus hasten 
autolysis. 
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Chart 3 . — Effect of potassium iodid on antitrypsin of guinea-pig serum. Solid 
line, normal serum; broken line, normal serum with potassium iodid incubated 
over night. 


We are greatly indebted to Drs. J. Fordyce, W. McMurty and 
C. Sharpe for furnishing us with the clinical material used in this 
study, and also for regulating the dosage of iodids and determining 
the clinical condition of the patients while the work was progressing. 
Thirteen cases were studied, eleven of which were syphilitics. In each 
instance the blood was tested before iodids were given. The second 
test was made when the patient was receiving about 100 grains a day, 
and the third when he had reached the limit of tolerance. We were 
unable to carry out this plan in all cases, as the patients did not always 
follow directions. 
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In making the tests the trypsin was mixed with the various dilu- 
tions of serum and incubated thirty minutes. Two c.c. of a 1 per cent, 
casein solution was then added to each tube, and the mixtures were 
incubated one hour. The contents of the tubes were then acidified 
with a mixture containing 10 per cent, glacial acetic acid and 20 per 
cent, sodium chlorid and the tubes placed in boiling water for from 
five to ten minutes. The mixtures were then filtered through kaolin, 
and non-coagulable nitrogen was determined by the method recom- 
mended by Folin and Denis.^° The results are given in percentage of 
total control digestion. The trypsin used in this work was prepared 
according to the method described in a previous paper, and made 
into solution when required. 
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Chart 4. — Average of human cases on potassium iodid (110 gr.). 


Chart 4 gives the average of the antitryptic strength of the serums 
of the thirteen cases before and after using iodids. The black line 
represents the strength of the serums before iodids were administered, 
and the dotted line the average strength of the serums when the 
patients were taking about 110 grains a da3^ The action of the iodids 
is best seen in the dilutions beginning with 0.05 c.c. of serum, though 
some effect is observed in the more concentrated solutions. 

This series of cases is not large, but sufficiently so to show that 
iodids administered to human beings cause a very considerable reduc- 
tion in the antitryptic activit}’^ of the blood. The difference is not so 
evident when larger amounts of serum are used, as here there is an 

15. Folin, O., and Denis, W. : Jour. Biol. Chem., 1911-12, xi, 527. 

16. Jobling, J., and Petersen, W. : Jour. Exper. Med., 1914, xi.x, 239. 
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excess of the enzyme-inhibiting agent over that necessary to neutralize 
the amount of trypsin used; but in great dilutions the difference is 
very obvious. 

It is of interest to note that in the two cases of iodism the anti- 
ferment was much higher than it had been during the course of treat- 
ment. This increase in the antitrypsin may be due to the failure of 
the iodin to combine with the unsaturated fatty acids, or to an increase 
of lipoids following the destruction and disintegration of cells as a 
result of the toxic action of the iodin. It is probably due to the latter 
factor. It is possible that when large doses of iodids are given there 
may be localized areas in which the antiferments are completely neu- 
tralized; with a consequent destruction of cells by the ferments present 
and a liberation of lipoids. Thus an increase in antitrypsin is found 
in almost every case in which a protein intoxication causing cellular 
injury with mobilization of lipoids is induced experimentally, as after 
anaphylactic shock, after burns, after serotoxin and anaphylatoxin 
injection. The iodin may also combine with and neutralize the pro- 
tective substances in the cell wall and thus permit the ferments to act 
on them. This may partially explain the toxic action of iodin. 

We have recently shown^’’^ that serum deprived of its antitrypsin 
becomes toxic for the species from which it is obtained. If guinea-pig 
serum is shaken thoroughly with two volumes of chloroform and then 
placed in the incubator for one hour, it becomes so toxic that 2 or 3 c.c. 
injected intravenously will kill a guinea-pig weighing from 250 to 
300 gm. If the mixture of serum and chloroform is permitted to 
remain in the incubator twenty-four hours, 0.3 c.c. will frequently kill 
a guinea-pig of this weight. The toxicity of serum treated in this 
manner is due to the fact that the chloroform removes the antitrypsin, 
and when this occurs, the ferments, which are normally present, act 
on the unprotected serum proteins and produce the toxins. Autolysis 
occurs to a very slight degree during the first hour in the incubator, 
but after twenty-four hours there is a considerable increase in non- 
coagulable nitrogen. Up to a certain point the toxicity increases in 
proportion to the degree of autolysis, but it then decreases rapidly, 
owing to further cleavage of the toxic substances. Similar results 
may be obtained with any agent which absorbs the antitrypsin. Thus 
we have found that kaolin, agar, certain toxins and bacteria act in the 
same manner, though to a less degree. The antitryptic action of the 
serum may be destroyed without removing the lipoids. Certain oxidiz- 
ing agents, such as iodin, saturate the unsaturated carbon bonds of the 
fatty acids, and in this way destroy their antitryptic action, and render 
the serums toxic. In our study of these toxins we found that the 

17. Jobling, J., and Petersen, W.: Jour. Exper. Med., 1914, xix, 480. 
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toxicity of the serums treated by the different methods depended on 
the degree to which the antitrypsin had been removed. Autolysis of 
the serum also depends on this factor. 

If the action of the iodin in causing absorption of necrotic material 
is due to the general lowering of the antitrypsin, large doses should 
cause an increase in the nitrogen output owing to the increase of pro- 
teolysis. The results of a number of experiments with dogs indicate 
that the iodids do increase the nitrogen output, but these experiments 
are not sufficiently advanced to enable us to report on them at this time. 

TUBERCULOSIS 

There is a general impression among clinicians that iodids are 
harmful in tuberculosis, as they promote the spread of the infection by 
causing a softening of the tubercles, and also interfere with connective- 
tissue formation. On the other hand, L. Bondreaiff® regards iodin as 
a specific in tuberculosis. He begins treatment with small amounts of 
the tincture (the French tincture contains 8.5 per cent, of iodin in 
95 per cent, alcohol), and increases the dose to 100 drops a day. He 
states that some of the patients pushed the doses themselves to 200 or 
300 drops a day, and one patient took 400 drops a day without the 
slightest inconvenience. 

Loeb and Michaud^® found that when iodin compounds were 
injected into the body tuberculous areas took up more iodin than the 
other tissues. They observed that a tuberculous rabbit’s eye contained 
about twice the amount of iodin present in the normal one, and that 
caseous lymph-glands of guinea-pigs contained more iodin than any of 
the normal organs. W ells and Hedenberg-® repeated the work of Loeb 
and Michaud, but in addition made experiments to determine the 
power of necrotic tissue in general to take up and hold iodin. The 
authors found that tuberculous lymph-glands do take up relatively 
more iodin from the blood than from the liver, spleen and other glands 
of the same animal. When the caseous material was abundant enough 
to permit of separation from the rest of the gland substance, it was 
found to contain more iodin than did the non-caseous portion. An 
important part of their work was the demonstration that iodin was 
taken up equally well by necrotic tissues and exudates produced 
experimentally. They conclude that the large amount of iodin present 
in necrotic tissues, whether tuberculous or otherwise, is dependent on 

IS. Bondreau, L. : Jour, de med. de Bordeaux, 1914, lx.xxv, 1. 

19. Loeb, O., and Michaud: Biochem. Ztschr., 1907, iii, 301. 

20. Wells, H., and Hedenberg, O. : Jour. Infect. Dis., 1912, xi, 349. 
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purely physical conditions, and not on a chemical attraction or physical 
absorption.^^ 

Since the reports of Mosetig and Moorhof,-" iodin in the form of 
iodoform has been used extensively in the treatment of local tuber- 
culous conditions. Bruns and Nauwerck^^ found that the walls of 
abscesses treated in this manner were invaded by leukocytes, but they 
ascribed the disappearance of tubercle bacilli in the inflated tissues to 
the germicidal action of the iodoform. Heyn and Rovsig"'^ and others, 
however, showed that iodoform has no germicidal action on tubercle 
bacilli. In 1904 Heile^'’ demonstrated the presence of proteolytic fer- 
ments in the pus of tuberculous abscesses treated with iodoform, and 
ascribed the curative action of the iodoform to the accumulation of 
leukocytes. WeiP® injected iodoform-glycerin mixtures subcutaneously 
into both healthy and tuberculous individuals in order to study their 
influence on the blood. Immediately following the injection there was 
an increase in the polynuclear cells and a decrease in the number of 
lymphocytes, but this was soon followed by an increase in the lympho- 
cytes and a decrease in the polynuclears. Most of the investigators 
believe that the active component of the iodoform is the iodin, and as 
it is known that the administration of iodin causes an increase in the 
number of lymphocytes in the blood, Gianasso"^ and others ascribe its 
action to these cells. According to Bartel and Neuman,^® the lympho- 
cytes contain substances which neutralize the toxins of the tubercle 
bacilli, and Bergell^^ believes that this action of the lymphocytes is due 
to their containing lipase which acts on the neutral fat of the tubercle 
bacilli. Rothschild^® believes that iodin stimulates phagocytosis as he 
found that a much larger number of the tubercle, bacilli in the sputum 
of tuberculous patients receiving iodids were intracellular. 

In our work®^ on the antiferments contained in tubercle bacilli and 
in tuberculous caseous material, we found that the enzyme inhibiting 

21. In a recent paper Lewis and Krauss (Jour. Biol. Chem., 1914, xviii, 313) 
have demonstrated that tuberculous tissue from animals which were never under 
iodin treatment may contain very appreciable amounts of iodin, thus throw- 
ing some doubt on the conclusions reached by Loeb and Michaud and by Wells 
and Hedenberg. 

22. Mosetig and Moorhof: Wien, med. Wchnschr., 1880, xxx, 1174. 

23. Bruns, P., and Nauwerck, C. ; Beitr. z. klin. Chin, 1887, iii, 133. 

24. Heyn, C., and Rovsig, T. : Fortschr, d. Med., 1887, v, 258. 

25. Heile: Ztschr. f. klin. Med., 1904, Iv, 508. 

26. Weil, W. : Ztschr. f. Chemotherap., 1913, Orig., i, 412. 

27. Gianasso: Referred to in Mtinchen. med. Wchnschr., 1905, lii, 1990. 

28. Bartel, J., and Neuman, W.: Centralbl. f. Bakteriol., 1905-1906, Orig., 
xl, 723. 

29. Bergell: Miinchen. med. Wchnschr., 1910, Ivii, 1683.^ 

30. Rothschild, W. : Deutsch. med. Wchnschr., 1913, xxxix, 404.^ 

31. Jobling, J., and Petersen, W. : Jour. Exper. Med., 1914, xix, 251; ibid., 
1914, xi.x, 383. 
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action was due to the unsaturated fatty acid radicles of the lipoids. 
At first we believed that this action was due entirely to the soaps of 
the unsaturated fatty acids, but subsequent work showed that a large 
portion of the enzyme-inhibiting agents could be removed by extracting 
with chloroform. The substances contained in the chloroform extracts 
are not active as antienzymes when suspended in salt solution, as they 
are insoluble; but the sodium soaps prepared from these acids are 
active, and we found that their activity was in proportion to the 
degree of their unsaturation. 

In our study of soaps as enzyme-inhibiting agents^^* we found that 
certain unsaturated fatty acids in the form of soaps were very active 
as antiferments, but that this action was lost if the acids were first 
saturated with iodin. These experiments were repeated with the 
chloroform extracts of tuberculous caseous material and with unex- 
tracted caseous material, with the result that the soaps prepared from 
the chloroform extracts became inactive, and the caseous matter which, 
previous to treatment with iodin, had not been acted on by trypsin, 
became readily attacked. The loss of antienzyme action cannot be 
attributed to any activating influence on trypsin, as iodin inhibits the 
action of this ferment. 

Thus we have definite evidence of the action of the iodids on tuber- 
culous tissue, and the explanation of the well-known clinical observa- 
tion that iodids cause tubercle bacilli to appear in the sputum of 
patients with pulmonary tuberculosis, though they were previously 
absent. When iodids are taken into the tissues a portion of the iodin 
is liberated and combines with the unsaturated carbon atoms of the 
fatty acids. As soon as this occurs in necrotic tissue to a degree suffi- 
cient to lower or remove the antiferment action, autolysis ensues, as 
in most instances ferments are present. That the inorganic iodids 
diffuse readily throughout caseous matter and are thus in a position to 
furnish the iodin has been shown by Loeb and Michaud, and Wells 
and Hedenberg. 

Tubercles and caseous areas may be present in the lung, but unless 
they open into the air passages tubercle bacilli may be absent in the 
sputum. If iodids are now given, the caseous matter begins to soften, 
and is more likely to rupture into the bronchi, and the bacilli then dis- 
charged in the sputum. A somewhat similar explanation may be 
advanced to explain the softening and rupture of caseous areas, as in 
lymph-glands, when they are secondarily invaded by streptococci, 
staphylococci, etc. With the invasion of the infecting organism there 
is an increase of the blood-supply and an infiltration with polymor- 
phonuclear cells ; the increased blood-supply tends to dilute and wash 
out the excess antiferment, and the ferments liberated from the pus- 
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cells, with that already present, overcome the antiferment remaining, 
and softening occurs. 

The sudden discharge of the softened caseous material into the 
bronchi as a result of the action of the iodin would also explain the 
occurrence of hemorrhages, as it would leave unsupported any blood- 
vessels traversing the mass whose walls had been involved in the tuber- 
culous process to a degree that would render them unable to withstand 
the blood-pressure without some outside support. We must bear in 
mind the possibility and, in fact, probability, that with the softening 
and absorption of these caseous areas, the tubercle bacilli may be dis- 
seminated. The action of the iodids in causing a general reduction in 
the antiferments of the serum must also be remembered ; this reduction 
in the serum antitrypsin would aid in bringing about the softening and 
removal of the caseous material. 

SYPHILIS 

Clinical experience teaches us that in the tertiary stage of syphilis 
iodin is almost a specific in bringing about the amelioration of symp- 
toms and the disappearance of lesions, and yet little is known concern- 
ing the means by which these results are obtained. In reviewing the 
literature it was found that literally hundreds of articles had been 
written on the action of iodin in syphilis, but not one gave a rational 
explanation. 

In order to arrive at some understanding concerning the action of 
iodin in syphilis two points must be considered ; First, Does it destroy 
the infecting organism? Or, second, does it merely bring about reso- 
lution of the process, and leave the infecting organism to produce 
similar lesions? 

Authorities on this subject are unanimous in the belief that iodids 
are not curative in the sense that they prevent the return of the lesions ; 
this can be accomplished only when the iodids are combined with some 
other form of treatment. Tomasczawski®- found that the administra- 
tion of iodin does not prevent the development of experimental syphilis 
in monkeys and rabbits; neither has it a curative action; but iodized 
animals recovered quickly when given mercury. That iodin does 
penetrate into syphilitic tissues has been shown by O. Loeb.^^ This 
author made quantitative determinations of the amount of iodin in 
the blood and lymph-glands of syphilitic patients who had received 
large doses of sodium iodid. He found that the unsoftened lymph- 
glands contained 3.3 times and the softened glands 6.2 times the 

32. Tomasczawski : Deutsch. med. Wchnschr., 1910, xxxvi, 653. 

33. Loeb, O.: Arch. f. exper. Path. u. Pharmakol., 1912, lix, 108. 
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amount- of iodin present in the blood. He states that most of the 
iodin was present as an organic compound which was insoluble in 
alcohol. 

Wells criticizes the technic used by Loeb, and states that he 
always obtained larger amounts of iodin in the blood. In reply to the 
criticism of Wells and Hedenberg, Loeb^^ states that iodin is not 
present in syphilitic tissues merely as the result of diffusion, but that 
it exists as a true chemical combination with the constituents of the 
tissues. 

As experimental work and clinical observations have demonstrated 
that the iodids do not destroy the infecting organism, we must assume 
that the results obtained are due to the power the iodids possess of 
causing resolution of the lesions present. That this actually occurs 
will be attested to by every clinician of experience. 

Owing to its scarcity we have not been able to examine material 
from gummas, and so we are unable to state positively that the anti- 
enzymes present are similar to those found in tuberculous caseous 
matter; but it is probable that the same agents are active here as in 
those anemic infarcts in which autolysis does not occur. If this 
assumption is correct, it is not difficult to explain why large gummas 
rapidly disappear when the patient is brought under the influence of 
iodids. It is due to the fact that the unsaturated fatty acid radicals 
which inhibit autolysis have become saturated with iodin. As soon as 
this occurs, the ferments which are present, or which may be brought 
in, become active, autolysis takes place and the necrotic tissue is 
absorbed. Here, also, the local action of the ferments is made less 
difficult by the reduction of the antienzyme in the circulating blood. 
It must be borne in mind that the iodids are not remarkably effective 
in the earlier stages of syphilis when necrosis of tissue is not so 
evident. 

If the foregoing interpretation of the action of iodin is correct, it 
gives the clinician a rational idea of what he is accomplishing when he 
gives iodids to a patient in the tertiary stage of syphilis. According to 
this view, iodin neutralizes the action of the agents which prevent 
solution and absorptio'n of necrotic tissue, and at the same time lays 
bare to the action of the real germicidal agent the infecting organism 
which previously had been protected by the necrotic tissue. With the 
exposure of the infecting organism, such agents as mercury and sal- 
varsan would be much more effective. 


34. Loeb, O. : Therap. rvlonatscli., 1913, p. 17S. 
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Case 1. — B. S. Luetic. Positive Wassermann; no lesions. 


TABLE 1. — Inhibition in Case 1 


Date 

KI 

Serum . 

0.1 c.c. 
Per Cent. 

0.075 C.C. 
Per Cent. 

0.05 c.c. 
Per Cent. 

0.025 c.c. 
Per Cent. 

0.01 c.c. 
Per Cent. 


0 

80 

79 

46 

19 

5 

5/ 6/14 

34 

88 

79 

60 

0 

0 


i 120 

i 

75 

80 

19 

0 

0 


Treatment was commenced with 10 drops of a saturated solution three times 
a day, and the patient ordered to increase 1 drop with each succeeding dose. 

The differences are very slight, if any, when large amounts of serum are 
used, but with greater dilution the influenc^e of the iodids is obvious. 


Case 2. — S. S. 
ment. 


Luetic. Perforating ulcer of palate. Improved under treat- 
TABLE 2. — Inhibition in Case 2 


Date 

1 

KI 

Serum 

0.1 c.c. 
Per Cent. 

0.075 C.C. 
Per Cent. 

0.05 c.c. 
Per Cent. 

0.025 C.C. 
Per Cent. 

0.01 c.c. 
Per Cent. 

4/ 9/14 

0 

85 

73 

48 

25 

5 

5/ 7/14 

102 

86 

86 

33 

25 

0 • 

5/14/14 

120 

81 

44 

5 

0 

0 


The treatment ordered was the same as in the preceding case. The patient 
continued taking for two weeks the same dose with which she had begun ; it 
was then increased gradually and the day the second test was made she was 
taking 102 drops. 


Case 3. — A. M. Luetic. Tertiary stage. No symptoms. 

TABLE 3. — Inhibition in Case 3 


Date 

KI 

Serum 

1 

0.1 c.c. j 
Per Cent. 

0.075 C.C. 
Per Cent. 

0.05 C.C. 
Per Cent. 

0.025 C.C. 
Per Cent. 

0.01 C.C. 
Per Cent. 

3/25/14 

0 

90 

80 

63 

30 

1 17 

4/20/14 

88 

70 

56 

25 

17 

0 

r\ 

5/ 6/14 

102 

60 ■ 

30 

0 

0 

1 

u 


The patient began with the usual amount, and increased it 1 drop each dose. 

































/. W. JOBLING—WM. PETERSEN 


299 


Case 4. — S. Luetic. Tertiary stage. Positive Wassermann; no symptoms. 
TABLE 4. — ^Inhibition in Case 4 


Date 

1 

i 

Kl 

Serum 

0.1 c.c. 
Per Cent. 

1 

0.075 c.c. 
Per Cent. 

0.05 c.c. 
Per Cent. 

0.025 c.c. ! 
Per Cent. 

0.01 c.c. 
Per Cent. 

3/25/14 

0 

92 

86 

38 

26 

26 

4/14/14 

80 

88 

80 

38 

20 

5 

4/21/14 

101 

88 

85 

75 

30 

20 

4/29/14 

120 

80 

56 

30 

5 

0 

5/13/14 

180 

92 

85 

50 

30 

0 


The treatment ordered was the same as in the preceding cases. At the time 
the last specimen of blood was taken the patient showed symptoms of iodism 
with well-marked rash. It is interesting to note that two cases showed iodism, 
and in both the antitryptic strength of the serum was as high as, if not higher, 
than in untreated cases. 


Case 5. — N. M. Non-syphilitic. 

TABLE 5. — Inhibition in Case S 


Date 

1 

KI 

1 


Serum 



0.1 c.c. 
Per Cent. 

0.075 c.c. 
Per Cent. 

0.05 c.c. 
Per Cent. 

0.025 c.c. 
Per Cent. 

0.01 c.c. 
Per Cent. 

1 


0 

89 

89 

69 

17 

5 


■? 

83 

63 i 

38 

0 

0 


45 

75 

80 I 

i 56 

25 

0 


The patient took her medicine irregularly. The amount taken at the time 
the second test was made is not known; but the results indicate that she was 
taking more than when the third test was made. 


Case 6. — ^J. P. Secondary stage. No symptoms. 

TABLE 6. — Inhibition in Case 6 


( 

i 

Date 

! KI 

1 

Serum 

1 

0.1 c.c. 
Per Cent. 

0,075 c.c. 
Per Cent. 

0.05 c.c. 
Per Cent. 

i 

0.025 c.c. 
Per Cent. 

0.01 c.c. 
Per Cent. 

3/25/14 


90 

90 

90 

33 

1 

1 25 

4/14/14 


90 

92 

70 

30 

20 

4/21/14 

1 84 

88 

88 

Lost 

33 

30 

4/29/14 


88 

80 

75 

19 

19 

5/13/14 

145 

92 

88 

1 

48 

5 

0 


The usual treatment was given. 
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Case 7. — S. F. Luetic. Positive Wassermann. Psoriasis-like lesion, 
TABLE .7. — Inhibition in Case 7 


Date 

KI 

Serum 

0.1 c.c. 
Per Cent. 

0.075 C.C. 
Per Cent. 

0.05 c.c. 
Per Cent. 

0.025 c.c. 
Per Cent. 

0.01 c.c. 
Per Cent. 

4/14/14 

0 

90 

90 

80 

26 

19 

4/25/14 

96 

81 

80 

56 

19 

' 5 

5/ 6/14 

114 

83 

69 

40 

19 

5 

5/11/14 

168 

81 

88 

52 

5 

0 

5/23/14 

200 

86 

70 

63 

0 

0 


The 'treatment ordered was the same as in the preceding cases. 


Case 8. — G. H. Luetic. Tertiary stage. Skin lesions on the hands. 


TABLE 8. — Inhibition in Case 8 


Date 

KI 

Serum 

0.1 c.c. 
Per Cent. 

0.075 c.c. 
Per Cent. | 

0.05 c.c. 
Per Cent. 

0.025 C.C. 
Per Cent. 

0.01 c.c. 
Per Cent. 

4/14/14 

0 

89 

88 

50 

25 

20 

5/ 6/14 

70 

81 

80 

40 

5 

0 

5/25/14 

100 

88 

78 

80 

60 

0 


The usual treatment was given. At the time the last test was made the 
patient presented evidences of iodism, with a well-marked rash. Here again 
the antitryptic strength of the serum is increased. 


Case 9. — J, McD. Luetic. Secondary stage. 

TABLE 9. — Inhibition in Case 9 


Date 

KI 

Serum . 

! 

0-1 c.c. 
Per Cent. ! 

0.075 C.C. 
Per Cent. 

0.05 C.C. 
Per. Cent. 


0.01 c.c. 
Per Cent. 

3/30/14 

5/ 6/14 

! 

0 

100 

90 

85 

90 

85 

84 

52 

75 

25 

25 

0 


The same treatment was instituted. 
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Case 10. — J. C. Luetic. Tertiary stage. Aphasia. 

TABLE 10. — Inhibition in Case 10 




Serum 

Date 

ICI 

0.1 c.c. 

0.075 C.C. 

0.05 c.c. 

0.025 C.C. 

0.01 c.c. 



Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

1 

5/ 1/14 

0 

94 

71 

44 

26 

0 

5/28/14 

90 i 

j 

75 

j 

68 

25 

0 

0 


The patient received the same treatment. 


C.’^SE 11. — J. D. Non-syphilitic. 


TABLE 11. — Inhibition in Case 11 


Date 

KI 

Serum 

0.1 c.c. 
Per Cent. 

1 

0.075 C.C. 
Per Cent. 

1 1 

0.05 c.c. 
Per Cent. 

i 

0.025 c.c. 1 
Per Cent. 

0.01 c.c. 
Per Cent. 


0 

89 

70 

56 

17 

5 

5/25/14 


85 

80 

76 

Lost 

0 


54 

87 

SO 

Lost 

i 

25 

0 


The patient did not return to the clinic until about six weeks after his first 
visit, and he took no medicine during the greater part of this time. Treatment 
was started again on his second visit. 


Case 12. — T. A. Luetic. Tertiary stage; no symptoms. 


TABLE 12. — Inhibition in Case 12 


Date 

1 

KI 

Serum 

0.1 c.c. 
Per Cent. 

1 

0.075 c.c. 
Per Cent. 

1 

1 

1 1 

0.05 c.c. 
Per Cent. 

1 

1 

! 

0.025 c.c. 
Per Cent. 

1 

1 

0.01 c.c. 
Per Cent. 

4/29/14 

0 

81 ' 


38 

20 

I 

' 0 

5/13/14 ; 

• • ft 

S3 : 

81 i 

38 

Lost 

0 

5/23/14 

125 

j 

85 

85 j 

, 1 

77 

20 i 

1 1 

0 


Treatment commenced April 29. 1914, with 10 mm. potassium iodid three 
times a day, and patient increased the dose at irregular intervals. May 26, 1914. 
patient was taking 125 mm. 
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Case 13. — E. W. Luetic. Secondary stage. Positive Wassermanri ; no 
symptoms. 

TABLE 13. — Inhibition in Case 13 


Date 

KI 

Serum 

0.1 c.c. 1 
Per Cent. 

0.075 c.c. 
Per Cent. 

0.05 c.c. 
Per Cent. 

1 

0.025 c.c. 
Per Cent. 

0.01 c.c. 
Per Cent. 

4/ 6/14 

0 

90 

88 

56 

28 

5 

4/27/14 

0 

87 

90 

69 


5 

5/16/14 

126 

75 I 

52 

5 


0 


The patient continued taking the same quantity two weeks, and then discon- 
tinued it altogether until May 27, when she was started on IS drops three times 
a day. 











OBSERVATIONS ON RENAL FUNCTION IN ACUTE 
EXPERIMENTAL UNILATERAL 
NEPHRITIS * 

W. C. QUINBY, M.D., and R. FITZ, M.D. 

BOSTON 

The study of renal function during the past few years has occupied 
considerable attention in both clinical and experimental laboratories. 
A number of different tests have been advocated by different observers, 
but so far no attempt has been made, in experimental surgery, to 
compare a variety of these tests on the same animal at the same time. 
This paper describes experiments which were made to establish an 
acute unilateral nephritis in dogs, and records the studies on renal 
function in this condition to determine which of the tests used most 
commonly in the surgical clinic are of greatest practical value in the 
diagnosis of one-sided lesions of varying severity. 

An experimental one-sided nephritis has already been produced. 
In 1883, RibberP excised the medulla of one kidney in rabbits in his 
experiments on renal physiology. Boyd" and Oppenheimer^ confirmed 
this method of producing a unilateral lesion by using the same technic. 
Oppenheimer’s work is of especial interest in regard to functional 
studies on nephritis. By removing the cortex of one kidney, he found 
that the secretion of urine on that side stopped. But when the medulla 
- was removed, there was an increased output of urine from the affected 
kidney which contained more sodium chlorid and had a lower freezing- 
point than the urine from the normal side. Yet the glycosuria resulting 
from subcutaneous injections of phloridzin was diminished. This, he 
considered, afforded evidence in favor of tubular resorption. 
SchlayerV method for producing unilateral lesions consisted of the 
injection of epinephrin into various points of the renal parenchyma. 
As a result, he obtained a contracted kidney. Hirsch and Maschkc’’' 

* Submitted for publication July 23, 1914. 

* From the Laboratory of Surgical Research, Harvard Medical School, and 
the i\Iedical Clinic of the Peter Bent Brigham Hospital. 

1. Ribbert: Ueber Resorption von Wasser in der Marksubstance der Niere, 
Virchow’s Arch. f. path. Anat., 1883, xciii, 169. 

2. Boyd ; Some Experiments on the Functions of the Medulla of the Kid- 
ney, Jour. Physiol., 1902, xxviii, 76. 

3. Oppenheimer: Experimentelle Untersuchungen uber die Nierentatigkeit 
und ihre Beziehung zur funktionellen Diagnostik, Verhandl. d. deutsch. Ges- 
selsch. f. Urol., 1909, ii, 289. 

4. Schlayer; Ueber kiinstliche Erzeugung von Schrumpfniere, Munchen. 
med. Wchnschr., 1909, Ivi, 687. 

5. Hirsch and i^Iaschke: E.xperimentelle Untersuchungen iiber Nephritis, 
Berl. klin. Wchnschr., 1912, xli.x, 145. 
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introduced the actual cautery into different parts of one kidney and 
obtained foci of scar tissue on that side. Brewer® caused pyelonephritis 
by the injection of pathogenic bacteria into the proximal segment of 
the ligated ureter, and Stewarf^ made a similar picture by the implanta- 
tion of the ureter into the wall of the intestine. These various experi- 
ments, however, were designed to produce a chronic nephritis or 
depended on infection or on the introduction of artificial factors which 
would render the animals unfit for further studies. 

For our purposes, Ribbert’s® later method, as used by Baehr,® 
promised more satisfactory results. Ribbert exposed the renal artery 
of one kidney in rabbits and injected directly into it a solution of 
iodin which was perfused through the whole kidney by the arterial 
blood. Baehr, following this technic, injected the renal artery in the 
same way with iodin, croton oil, potassium chromate and uranium, 
nitrate. The last substance produced marked unilateral glomerular 
lesions in rabbits, with little tubular destruction. By different degrees 
of dosage and by varying the length of time which the disease was 
allowed to run, various stages of acute, subacute or chronic one-sided 
nephritis were obtained. In our experiments, Baehr’s method with 
uranium nitrate was followed with a few changes. 

The introduction of ureteral catheterization into renal surgery 
opened up a brilliant field for the study of the urine excreted simul- 
taneously from each kidney. By this method, the urine from one 
kidney could be compared with the urine from the other, and a number 
of different observations could be made to determine which kidney 
showed an abnormal function, and to what extent it was damaged 
compared with the other kidney. It is known that there is a certain 
variation in the amount of urine and solids excreted from the two 
kidneys over short intervals of time. But AlbarraiT® and Kapsammer^^ 
have found that these differences diminish with the length of time of 
observation, and that normally, in an hour, nearly the same amount of 
urine and solids comes from each side. 


6. Brewer : The Present State of Our Knowledge of Acute Renal Infec- 
tions; With a Report of Some Animal Experiments, Jour. Am. Med. Assn., 1911, 
Ivii, 179. 

7. Stewart: A Study of Ascending Infection of the Kidney Carried Out by 

the Method of Transplanting the Ureters into the Intestines, Univ. Penn. Med. 
Bull., 1911, xxiii, 233. . • i • 

8. Ribbert : Untersuchungen fiber die normale and pathologische Physiologic 
und Anatomic der Niere, Bibliotheca Medica, 1896, Part C, No. 4, p. 1. 

9. Baehr : Ueber experimentelle Glomerulonephritis (Ein Beitrag zur Le re 
der Schrumpfniere), Beitr. z. path. Anat. u. z. allg. Path., 1913, Iv, 545. 

10. Albarran-: Recherches sur le fonctionment normal compare des deux 

reins, Ann. d. mal. d. org. genito-urin., 1904, xxii, 81. _ 

11. Kapsammer: Uber Ureterenkatheterismus und funktionelle Nierendiag- 
nostik, Wien. klin. Wchnschr., 1903, xvi, 1417. 
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Certain physical, chemical and excretory properties of the urine 
from the two kidneys have been compared to estimate' differences in 
renal function of the two organs under pathological conditions. Von 
Koranyi^^ introduced the determination of the freezing-point of urine 
as an index for the functional capacity of the two kidneys. In general, 
he found that the concentration of the urine was less as the severity 
of the disease increased. Many subsequent observers have applied this 
method as a test for function in unilateral disease. The results obtained 
from it have disagreed. The bulk of evidence shows that the freezing- 
point of urine determines which kidney is functioning to best advan- 
tage, but that this test is by no means quantitatively accurate. 

Turner^^ made observations on the electrical conductivity of urine 
under various conditions. He discovered that its electrical resistance 
in ohms was inversely proportional to its sodium chlorid concentration, 
and believed that this test, on account of its relative simplicity and the 
small amount of urine required in performing it, would be valuable in 
surgery as a means of studying the function of the individual kidney. 
Loewenhardt^'^ confirmed these results by showing that under normal 
conditions the electrical resistance of the urine from each kidney was 
nearly the same, but when the function of the two kidneys varied, 
marked differences in electrical conductivity of the separated urines 
were found. A powerful advantage for this test, he declared, lay in the 
fact that since small amounts of urine were needed, the length of time 
for ureteral catheterization could be materially shortened. These 
findings, however, have not been accepted by many observers. Gott- 
stein^^ objects to the test after careful review of the literature and 
from his own experience. Since electrical conductivity does not deal 
with the number of molecules in solution, but merely with the number 
of ions, it offers no information as to the total concentrative powers of 
the kidney, and tells but little more in regard to the degree of renal 
injury than a specific gravity determination. 

The excretion of sodium chlorid, nitrogen or urea from the two 
sides has been compared in suspected unilateral disease. The amount 
of nitrogen or urea put out has given the most accurate information in 
regard to the degree of disease. While Albarran found in norma! indi- 

12. Von Koranyi : Physiologische und klinische Untersuchiingen ilber der 
osmotischen Druck thierischen Fliissigkeiten, Ztschr. f. klin. Med., 1897, xxxiii, 
1: ibid., 1898, .xxxiv, 1. 

13. Turner; The Electrical Conductivity of the Blood and Urine in Health 
and in Disease, and as a Test of the Functional Efficiency of the Kidnev, Edin- 
burgh Med. Jour., 1907, N. S., .xxi, 318. 

14. Loewenhardt ; Weitere Ergebnisse der Bestimmung der elektrischen 
Leitfahigkeit des Harnes, Deutsch. Gesellsch. f. Urol., 1909, ii, 281. 

15. Goitsiein: Der heutige Stand der funktionellen Nierendiagnostik, Ergebn. 
d. Chir. u- Orthopadie, 1911, ii, 417. 
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viduals that the actual amount of urea from the two kidneys was 
nearly the same over a given interval, Barringer^** showed that in dis- 
ease its total excretion varied, diminishing in almost direct proportion 
to' the degree of injury found in one or the other organ. Many other 
writers have confirmed this observation. 

Of the substances found in the urine under normal conditions, 
Wohlgemuth^'^ has advocated the estimation of diastase as a test for 
the function of the two kidneys. He believes that this determination 
affords a simple means for estimating differences in function of the 
two kidneys when one is diseased, and that the amount of ferment 
excreted varies directly with the degree of injury on the affected side: 
His results in bilateral nephritis have been substantiated by von 
Benczur,^® Geyelin,^° Hirata,^° Marino,-^ RosenthaP- and Wynhausen.-® 
Few confirmatory studies have been made with the test in stirger}'- 
except by Geraghty, Rowntree and Carey.-'* At present the true value 
of this method is undetermined. 

Finally, Palmer and Henderson-^ have found that the urinary 
acidity as estimated by its hydrogen ion concentration shows marked 
variation in different types of nephritis. It seemed possible that this 
test in unilateral disease might give interesting results. 


16. Barringer: The Comparison of the Total Urea Excreted by Each Kid- 
ney in Surgical Diseases of These Organs; Its Value in Estimating the Func- 
tional Capacity and Pathological Changes of Kidneys, Surg., Gynec. and Obst., 
1908, vii, 651. 

17. Wohlgemuth : Ueber eine neue Methode zur quantitativen Bestimmung 
des diastatischen Ferments, Biochem. Ztschr., 1908, ix, 1 ; Beitrag zum Verhalten 
der Diastase im Urin, ibid., 1909, xxi, 432; Experimentelle Beitrage zur Prii- 
fung der Nierenfunktion, Ztschr. f. Urol., 1911, v, 801. 

18. Von Benczur; Beitrag zur klinischen Verwertbarkeit der Diastasemenge 
in Blutserum und Urin, Wien. klin. Wchnschr., 1910, xxiii, 890. 

19. Geyelin: A Clinical Study of Amylase in the Urine, with Special Refer- 
ence to the Phenolsulphonephthalein Test, The Archives Int. Med., 1914, 
xiii, 96. 

20. Hirata : Beitrag zum Verhalten der Diastase im Blut und im Urin beim 
Kaninchen, Biochem. Ztschr., 1910, xxviii, 23. _ 

21. Marino ; Ueber die diagnostische Bedeutung der Diastaseausscheidung 


im Harn, Deutsch. Arch. f. klin. Med., 1911, ciii, 325. 

22. Rosenthal : Zur Frage der Ausscheidung von disastatischerri Ferment im 
Urin, Deutsch. med. Wchnschr., 1911, xxxvii, 923. 

23. Wynhausen : Quantitative Diastasebestimmungen im Harn, besonders 
ihre Beziehung zur Nephritis und zum Diabetes mellitus, Berl. klin. Wchnsc r., 

1910, xlvii, 2107. . r t->- * 

24. Geraghty, Rowntree and Carey : The Value and Limitation of Diastase, 

Urea and Phthalein in Estimating Renal Function in Association with Ureteral 
Catheterization, Ann. Surg., 1913, Iviii, 800. , . • -nt 

25. Henderson and Palmer: On the Intensity of Urinary Acidify^ in Norma 
and Pathological Conditions, Jour. Biol. Chem., 1913, xiii, ^93 ; Climcal Sti 

on Acid Base Equilibrium qnd the Nature of Acidosis, The Archives Int. 

1913, xii, 153. 
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Various substances have been injected into the body and their 
excretion in the urine followed as tests to illustrate the comparative 
functions of the two kidneys. Such tests in general have depended on 
the kidney’s ability to rid itself of dyes or drugs or to produce a 
glycosuria from phloridzin. 

Many dyes have been tried as tests for renal function, but at present 
two are generally accepted as being most valuable, Voelcker and 
Joseph^® injected a solution of indigocarmin intramuscularly, noted its 
time of appearance in the urine, and determined by colorimetry the 
total amount excreted in a given interval. In general, both the time 
of appearance and the amount excreted varied with the severity of the 
existent nephritis. Their results have been confirmed by Baetzner,-’^ 
Ehrich,-^ Roth,-® and Tanaka,®® who emphasized that the time of 
appearance, though usually important, might be misleading in certain 
cases ; and that, therefore, the actual amount excreted was of greater 
significance. Gottstein considers indigocarmin the most satisfactory 
single test for renal function which is used. 

Rowntree and Geraghty®^ made use of phenolsulphonephthalein as 
a test for renal function, showing it to be an excellent index of both 
unilateral and bilateral kidney disease. Their original work has been 
supported by many observers, among others Behrenroth and Frank,®® 
Cabot and Young,®® Deutsch®'^ and Keyes and Stevens.®® 

Von Mering®® discovered that a characteristic of phloridzin, follow- 
ing its subcutaneous injection, was the production of a glycosuria in 

26. Voelcker and Joseph : Funktionelle Nierendiaguostik ohne Ureterenka- 
theter, Miinchen. nied. Wchnschr., 1903, 1, 2081. 

27. Baetzner; Funktionelle Nierendiagnostik, Berl. klin. Wchnschr., 1912, 
Ixix, 1521. 

28. Ehrich : Diagnostischer Wert der Indigokarminprobe bei chirurgischen 
Nierenerkrankungen, Deutsch. med. Wchnschr., 1911, xxxvii, 526. 

29. Roth : Ueber die Unzulanglicheit der Chromocystaskopie fiir die funk- 
tionelle Nierendiagnostik, Ztschr. f. Urol., 1911, v, 439. 

30. Tanaka: Bestimmung zur Indigocarminreaktion fiir die funktionelle 
Nierendiagnostik, Ztschr. f, Urol., 1911, v, 82. 

31. Rowntree and Geraghty: An Experimental and Clinical Study of the 
Functional Activity of the Kidneys by !Means of Phenolsulphonephthalein, Jour. 
Pharmacol, and Exper. Therap,, 1910, i, 579. 

32. Behrenroth and Frank: Klinische und experimentelle Untersuchungen 
uber die Funktion der Niere mit Hiilfe der Phenolsulphonephthalein Probe, 
Ztschr. f. exper. Path, and Therap., 1913, xiii, 72. 

33. Cabot and Young: Phenolsulphonephthalein as a Test of Renal Function, 
Tr. Am. Assn. G.-U. Surg., 1911, vi, 136. 

34. Deutsch: Funktionelle Nierenpriifung mittels Phenolsulphonephthalein, 
Wien. klin. Wchnschr., 1912, x.xv, 1217. 

35. Keyes and Stevens: A Clinical Study of Renal Function by Means of 
Phenolsulphonephthalein, Am. Jour. Urol., 1911, vii, 367. 

36. Von Mering: Ueber kunstlichen Diabetes, Centralbl. f. d. med. Wissensch., 
1SS5, xxiii, 531. 
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actively functioning kidneys. Casper and Richter®’' made use of this 
fact as the basis for a test of renal function. They injected phloridzin 
subcutaneously, noted the appearance time of sugar in the urine com- 
ing from each kidney, and compared the total amount of sugar 
excreted over a given period of time. They believed that, if one 
kidney were diseased, it put out less sugar than the normal kidney, 
the discrepancy varying in proportion to the severity of the lesion. 
Thus the test was not only qualitative, but also quantitative. Other 
observers, however, have not confirmed Casper and Richter. Though 
this test has many adherents, it is believed that the phloridzin test 
alone is not of great value. 

From this short review, it is seen that tests for renal function fall 
into two distinct groups. The first group depends on variations in the 
physical and chemical properties of the urine coming from each kidney. 
The most important of such tests are the determination of the freezing 
point of the urine and the comparative amounts of nitrogen, urea and 
diastase excreted in a known period of time. The second group of 
tests depends on the ability of the kidney to excrete from the blood 
abnormal substances which are introduced into the circulation. The 
most important of this group are the indigocarmin and phenolsulphone- 
phthalein tests. The phloridzin glycosuria test, though strictly speak- 
ing not belonging in this group, may be included for convenience. 

A number of clinical observations have been made to compare cer- 
tain of these tests to decide which single one is of the greatest value. 
Casper and Richter compared the phloridzin test with freezing-point 
determinations in a number of cases. The results of these tests agreed 
closely. When one kidney was diseased the molecular concentration 
of that urine was low, the glycosuria was delayed in appearance and 
small in amount. When no lesion existed, the concentration of the 
two urines was nearly the same and the time of appearance of sugar 
and the amount excreted from both sides were alike. Roth®® made use 
of indigocarmin, phloridzin and freezing point determinations in a 
series of comparative studies. The excretion of indigocarmin and the 
amount of phloridzin glycosuria paralleled each other and bore a close 
relationship to the freezing point. All tests pointed out the diseased 
kidney. Yet Roth,®® in a later paper, expressed the opinion that the 
indigocarmin test was less delicate than the other two. Unterberg®® 
compared the excretion of sodium chlorid and urea with freezing-point 

37. Casper and Richter: Functional Diagnosis of Kidney Disease, 1903, P- 
Blakiston’s Sons & Company, Philadelphia. 

38. Roth: Zur Bewertung der Indigkarminmethode fiir funktionelle Nieren- 
diagnostik, Verhandl. d. deutsch. Gessellsch. f. Urol., 1909, ii, 305. 

39. Unterberg: Der praktische Wert der funktionellen Nierenuntersuchungen 
bei chirurgischen Erkrankungen der Nieren, Ztschr. f. Urol., 1909, m, oo . 
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determinations and with the phloridzin test. There was a parallelism 
between all the tests. The freezing point varied with the amount of 
urine obtained, but in cases of unilateral disease it was always nearer 
to zero on the diseased side than on the normal side. In such cases, 
the chlorid and urea excretions were usually diminished. 

Baetzner compared the excretion of indigocarmin with the freezing 
point and found that as the excretion of the dye diminished, the molec- 
ular concentration of the urine was less, and that both these tests ran 
parallel with the degree of renal injury. Goodman and Kristeller,'^® 
and Thomas'^’- compared the excretion of phenolsulphonephthalein with 
that of indigocarmin in one-sided kidney disease. The two dyes were 
eliminated in amounts closely parallel; the total amount of indigo- 
carmin excreted in proportion to the amount injected was approxi- 
mately one-half that of phenolsulphonephthalein excreted. Keyes and 
Stevens compared the excretion of phenolsulphonephthalein with that 
of urea from separately catheterized kidneys. The cases which justi- 
fied comparison gave the same results and showed the same ratio of 
functional ability. Stevens‘S- compared the phenolsulphonephthalein 
test with phloridzin glycosuria and with the excretion of urea. In both 
normal and pathological cases, these tests gave similar results. Finally, 
Geraghty, Rowntree and Carey compared the excretion of phenolsul- 
phonephthalein with urea and diastase in a series of cases. They felt 
that the phenolsulphonephthalein test was the most significant, that 
diastase was of value in the majority of cases as indicating which 
kidney was the more diseased, and that urea estimations almost invari- 
ably corroborated the phenolsulphonephthalein findings. A patent dis- 
advantage of the diastase test lay in the fact that dilution of the urine 
affected it to a more marked extent than it did the other tests — a point 
which Wohlgemuth has emphasized in his experiments on dogs. 

Thus, on the whole, a striking parallelism appears to exist between 
the tests for renal function which are generally used in surgical dis- 
eases of the kidney. Although the amount of urine excreted from the 
two sides may vary, its molecular concentration diminishes in propor- 
tion to the severity of the disease; it contains less nitrogen, urea and 
diastase ; the diseased kidney in proportion to its lesion is less capable 
of excreting indigocarmin, phenolsulphonephthalein and sugar after 

40. Goodman and Kristeller: The Value of Phenolsulphonephthalein in Esti- 
mating the Functional Efficiency of the Kidneys, Surg., Gynec. and Obst., 1911, 
xii, 56. 

41. Thomas: The Quantitative Determination of Functional Renal Sufficiency 
by the Duboscq Colorimeter: Indigo-Carmine versus Phenolsulphonephthalein, 
Am. Jour. Med. Sc., 1911, cxlii, 376. 

42. Stevens: The Comparative Value of Modern Functional Kidney Tests, 
Jour. Am. Med. Assn., 1914, Ixii, 1544. 
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the injection of phloridzin. In other words, all these various tests 
point to the same findings. The tests for renal function used in sur- 
gery are based on the facts that a diseased kidney is incapable of 
excreting solids, and that the degree of impairment of this fundamental 
function parallels in a general way the degree of existent disease. 
Therefore, the important feature in the selection of a test, for renal 
function, when the urine from the two kidneys is compared, is to 
choose that one which is simplest for both surgeon and patient to 
perform, but which is delicate enough to point out the degree of exist- 
ent disease. Tests for renal function on our dogs with unilateral 
nephritis were undertaken to determine this point experimentally. 

METHOD 

Dogs were anesthetized with morphin and ether. In a few animals, 
abdominal section through the left rectus incision was made under 
aseptic precautions. The left kidney was freed from its capsule and 
its artery and vein were dissected clean by scissors and by wiping with 
dry gauze. Every effort was made to avoid rupture of nerve fibers. 
Rubber-tipped serrefines were placed separately on both vein and 
artery. The kidney itself was then delivered through the abdominal 
wound in such fashion as to expose the renal artery to best advantage 
without undue tension. One c.c. of distilled water which contained 
the desired dose of uranium nitrate was then injected into the vessel 
from a 2 c.c. Record syringe with a fine pointed needle,' the tip of 
which was bent at right angles. In a few cases in which the renal 
artery was doubled, each branch was clamped and was injected with 
half the dose. In other animals, only one branch of the renal artery 
was injected. In a few experiments, 2 or 5 c.c. of injection fluid 
were used. 

After the artery was injected the arterial clamp was removed for a 
few seconds in order to distribute the uranium through the kidney 
substance as diffusely as possible. The slight bleeding at the point of 
puncture occasioned by this procedure was readily controlled, and the 
kidney as a whole became engorged. The arterial clamp was replaced. 
After intervals of from thirty seconds to five minutes, the point of the 
needle was inserted into the renal vein, and 5 c.c. of blood from the 
kidney were aspirated into the syringe. Whatever bleeding occurred 
around the needle point was controlled by walling-off sponges to pre- 
vent systemic absorption of the poison. Finally both the arterial and 
venous clamps were removed, the kidney replaced in its normal posi- 
tion and the wound closed according to usual methods. 

Virtually, the same technic was used in all our experiments. The 
only, modification in our later studies was to use a lumbar, incision for 
exposing the kidney, instead of reaching it through the peritoneum. 
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In this way, a smaller incision could be made, the muscles could be 
separated by blunt dissection without bleeding, and the kidney could 
be exposed and delivered into the wound through the back with slight 
handling. Great care was used throughout not to traumatize the 
kidney. 

As our primary object was to produce different degrees of .path- 
ological change, the dosage of the drug varied in individual cases. 
The largest amount given was 1 mg. of uranium per kilogram of body 
weight, the smallest dose was kilogram of body weight. 

Slightly less than 0.1 mg. per kilogram of body weight was found to 
produce a well-marked nephritis in twenty-four hours; this conse- 
quently was the dosage which was used in the majority of our experi- 
ments. 

A few typical protocols with photomicrographs of the two kidneys 
are given to demonstrate the efficacy of the technic. 

Experiment 1 . — Severe Nephritis . — Dog 1, weight 7 kg. 

March 16 : Ether-morphin anesthesia. Left rectus incision. The left kid- 
ney was exposed and delivered through the wound after the renal vessels were 
dissected free and clamped. One mg. per kilogram body weight of uranium 
nitrate in 2 c.c. of distilled water was injected into the renal artery. The 
arterial clamp was removed and reapplied at once. After one minute the renal 
vein was punctured and the blood was removed by pressure and suction. The 
clamps were then removed from the vessels, the kidney was replaced in normal 
position and the wound sewn up. 

March 17 : Animal appeared in good condition. It was killed twenty-four 
hours after operation. The right kidney weighed 40 gm. and appeared normal. 
The left kidney weighed 65 gm. and was dark colored, except in minute areas 
scattered through the parenchyma which appeared necrotic. Specimens of tissue 
were obtained from both kidneys, fixed in Zenker’s fluid and stained with eosin 
and methylene blue. Microscopic sections from the right kidney were normal. 
Sections from the left kidney showed areas of hemorrhagic necrosis in which 
the normal renal structure was lacking. In other parts many of the glomeruli 
showed necrosis of the capillary endothelium with fibrinous thrombi in the 
vessel walls. The tubular epithelium was lacking in certain parts. In others, 
it had desquamated into the lumen of the tubule, filling it with homogeneous 
necrotic material and serum. Numerous polymorphonuclear leukocytes were 
seen throughout the entire kidney structure. On the whole, the histological 
picture was that of an acute unilateral nephritis with necrosis of the kidney. 

Experiment 2. — Well-Marked Nephritis . — Dog 4, weight 9 kg. 

March 23 ; Morphin-ether anesthesia. Left rectus incision. The left kid- 
ney was exposed and delivered through the wound after the renal vessels were 
dissected free and clamped. The renal artery was bifurcate, so that clamps 
were applied to each branch. Each artery was injected with 0.4 mg. (0.9 mg. 
per kilogram body weight) of uranium nitrate in 0.5 c.c. of distilled water. The 
arterial clamps were removed and reapplied at once. After three minutes the 
renal vein was punctured and the blood was removed by pressure and suction. 
The clamps were then removed from the vessels, the kidney was replaced in 
normal position, and the wound was sewn up. 

March 24:' The animal appeared in good condition. It was killed twenty- 
four hours after operation. The right kidney weighed 32 gm. and appeared 
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Fig. 1 (Dog 1). — Right kidney. Eosin-methylene blue staining, X 20. No 
lesion made out. 



Fig. 2 (Dog 1). — Left kidney. Eosin-methylene blue staining, X 20. 
Necrosis of glomeruli and tubules. Edema. Leukocytic infiltration. 
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normal. The left kidney weighed 43 gm., and was firm and of dark color. 
Specimens of tissue were obtained from both kidneys, fixed in Zenker’s fluid 
and stained with hematoxylin and eosin. Microscopic sections from the right 
kidney were normal. Microscopic sections from the left kidney showed con- 
siderable hemorrhage. There were a few small areas of necrosis and of poly- 
morphonuclear leukocytic infiltration. The larger part of the kidney was much 
less severely damaged. The glomeruli were normal. There was considerable 
desquamation of epithelium and effusion of serum into the lumen of the tubules, 
as in the previous experiment, with the formation of similar homogeneous 
masses, many of which contained leukocytes. There was evidence of tubular 
regeneration shown by large atypical epithelial cells lining some of the tubules. 
No mitotic figures were seen. The histological picture, therefore, was that of 
a moderately severe unilateral nephritis with a small amount of necrosis, but 
with well-marked tubular destruction. 

Experiment 3 . — Mild Nephritis . — Dog 9, weight 6.2 kg. 

April 10: Ether-morphin anesthesia. Left lumbar incision. The left kid- 
ney was exposed and delivered through the wound after the renal vessels were 
dissected free and clamped. The renal artery was bifurcate so that clamps 
were applied to each branch. Each artery was injected with 0.3 mg. (0.1 mg. 
per kilogram body weight) of uranium nitrate in 2.5 c.c. of distilled water. The 
arterial clamps were removed and were reapplied at once. After two minutes 
the renal vein was punctured, and the blood was removed by pressure and 
suction. The clamps were then removed from the vessels, the kidney was 
replaced in normal position, and the wound was sewn up. 

April 13: Following the operation, the animal was in good condition. It 
was killed seventy-two hours later. The right kidney weighed 14 gm. and 
the left 12 gm. In the gross, both kidneys appeared normal. Specimens of 
tissue were obtained from both kidneys, fixed with Zenker’s fluid, and stained 
with hematoxylin and eosin. Microscopic sections from the right kidney were 
normal. Sections from the left kidney showed less acute changes than the two 
preceding. There was no evidence of exudation or hemorrhage. The glomeruli 
were normal. Many of the tubules were filled with homogeneous material like 
that previously described, and which appeared to come from desquamated 
epithelium. There was considerable formation of new epithelium, and mitotic 
figures could be found without difficulty. 

These three typical protocols illustrate that it is possible to produce 
an experimental unilateral nephritis by the method described, causing 
different degrees of severity according to the amount of poison injected 
and according to the length of time the disease is allowed to exist. 
In all our experiments, except those in which insufficient dosage of 
uranium was given, similar lesions were obtained. In the entire series 
no pathological change was found in the normal kidney, and in only 
one observation was thrombosis of the injected renal artery found at 
necropsy. Thus the method appeared satisfactory for our purposes. 

At varying intervals of from twenty-four hours to eighteen days 
after the initial operation, the dogs were anesthetized with paraldehyd 
in dosage of 1.7 c.c. per kilogram of body weight. The ureters were 
freed by lumbar incision and were catheterized separately with fine 
glass cannulas. The urine from the kidneys was collected in test-tubes. 
The rate of respiration, the carotid blood-pressure and the rate of 
urinary outflow were recorded on a kymographion according to usual 
technic. 
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The amount of urine required for the A^arious functional tests 
which were to be studied was so large that it was necessary to stimu- 
late the kidneys by a diuretic. The animals at the beginning, of the 
experiment were given 200 c.c. of water by stomach-tube and 10 per 
cent, saline solution intravenously. The initial dose used was 20 c.c. ; 
this was repeated often enough to maintain a constant flow of urine. 
It was realized that this maneuver introduced an abnormal factor into 
the experiment. It was constant, however, since the sodium chlorid 
which came to the kidneys at any time was the same on each side. 
Therefore, the response of the two kidneys was considered as signifi- 
cant as though no diuretics had been used. 

After the animal was once anesthetized and catheterized, a uniform 
rate of urinary outflow soon became established. The subsequent 
observations were divided into four periods of an hour each. During 
the first hour, the urine from the two sides was collected and measured. 
Its specific gravity was obtained by weight; its total sodium chlorid 
and nitrogen content as well as their concentration per hundred c.c. of 
urine were found by Volhard’s method and Kjeldahl’s method; the 
freezing-point was determined by Beckmann’s method; the diastase 
content by Wohlgemuth’s'^® method; the hydrogen ion concentration 
by Palmer and Henderson’s method. 

In the second hour the phenolsulphonephthalein test was performed. 
Rowntree and Geraghty’s original technic was used. A solution, 1 c.c. 
of which contained 6 mg. of the dye, was injected intramuscularly or 
intravenously. A small amount of alkali was added to the test-tubes 
which collected the urine from each kidney. The time of appearance 
of the dye from the two sides was observed and the , total amount 
excreted in an hour from each kidney was estimated in Rowntree and 
Geraghty’s modification of the Autenrieth-Konigsberger colorimeter. 

Prussian blue, introduced by Schroeder van der Kolk^^ in histology, 
is recognized as being one of the standard means'^® for staining the 
renal tubules. It seemed possible that the excretion of this dye might 
be used as a test for renal function in the same fashion that other dyes 
are used. A solution was made which contained 100 mg. of potassium 
ferrocyanid in 1 c.c. of water and was injected intravenously. A small 
amount of ferric chlorid and dilute hydrochloric acid were added to 
the test-tubes receiving the urine from the ureteral catheters. As soon 
as the ferrocyanid appeared in the urine, it was precipitated as a deep 

43. Wohlgemuth and Noguchi: Experimentelle Beitrage zur Diagnostik der 
subcutanen Pankreasverletzungen, Berl. klin. Wchnschr., 1912, xlix, 1069. 

44. Schroeder van der Kolki. Quoted by Hartung: Das Mikroskop, lt56b, 

Vieweg und Sohn, Braunschweig, ii, 124. , r. i 

45. Enzyklopadie der Mikroskopischen Technik, 1910, Urban and Schwarzen- 

berg, Vienna, ii, 321. 
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blue sediment. The time of appearance of this dye from each kidney 
was recorded, and the total amount excreted in one hour was quanti- 
tated in the Duboscq colorimeter by turbidometry against a standard 
solution of the dye precipitated in the same fashion and diluted to an 
appropriate bulk. 

The following experiment illustrates the relative accuracy with 
which such readings could be obtained. A standard solution was made 
containing 100 mg. of Prussian blue in a liter of water. Other solu- 
tions were made containing respectively 90, 80, 70, 60, 50, 40, 30, 20 
and 10 mg. of the dye, and were diluted to 1 liter. The solutions were 
read independently by each of us against the standard. The readings 
in percentage, and the average reading of our two observations is given 
in Table 1. 

TABLE 1. — Reading of Various Solutions Against a Standard Solution 





Reading 1 
Per Cent. 

Reading 2 
Per Cent. 

Average 
Reading 
Per Cent. 

Error 
Per Cent. 

100 

mg. = 

100 per cent, solution 

95 

90 

92.5 

2.5 

90 

mg. = 

90 per cent, solution 

80 

77 

78.5 

1.5 

80 

mg. = 

80 per cent, solution 

69 

70 

69.5 

0.5 

70 

mg. = 

70 per cent, solution 

57 

60 

58.5 

1.5 

60 

mg. = 

60 per cent, solution 

52 

52 

52.0 

2.0 

SO 

mg. = 

50 per cent, solution 

42 

44 

43.0 

3.0 

40 

mg. = 

40 per cent, solution 

30 

34 

32.0 

2.0 

30 

mg. = 

30 per cent, solution 

24 

25 

24.5 

4.5 

20 

10 

mg. = 
mg. = 

20 per cent, solution 
10 per cent, solution 

* 

* 

* 

* 


* Too dilute to read = "traces.” 

Unfortunately , in urine such satisfactory readings were not 
obtained. In certain cases, on the addition of hydrochloric acid and 
ferric chlorid, a green precipitate occurred. In others, while the 
diluted urine appeared blue, in the colorimeter it was of a different 
shade than the standard, thus interfering with the reading. Hence, in 
several observations no quantitative readings were attempted. Instead, 
one urine was compared against the other to show the comparative 
outputs of the two sides. 

During the fourth period the indigo-carmin test was made accord- 
ing to Voelcker and Joseph’s technic. Twenty c.c. of a 0.4 per cent, 
solution of the dye in distilled water were injected intramuscularly or 
intravenously. The time of appearance of blue in the urine was noted, 
and the total quantity excreted in an hour was estimated colorimetri- 
cally in the Duboscq colorimeter. 

Finally, a necropsy of the animal was held, and sections from each 
kidney were hardened in Zenker’s fluid for microscopic study. To 
illustrate the effect of diuresis on the excretion of diastase, the deter- 
mination was made in several of the experiments both before and 
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after the introduction of the sodium chlorid. Indigocarmin and 
phenolsulphonephthalein were always given in the same animal, either 
intramuscularly or intravenously, in order to compare their respective 
rates of excretion by these two forms of injection. The colorimetric 
estimation of indigocarmin following its intramuscular injection was 
usually difficult owing to its change in color. This was often obviated 
by intravenous administration. 

The results of these experiments fall into three groups. Group 1 
consists of three control animals. Group 2 consists of animals with 
well-marked nephritis. Group 3 consists of animals showing func- 
tional disturbances of the kidney without definite histological changes 
from the normal. Protocols of these various observations are given. 

GROUP 1 : CONTROL ANIMALS 

Experiment 4. — Dog 11, weight 16.7 kg. Anesthetized with paraldehyd. 
Ureteral catheterization after double lumbar incision. Diuresis induced by 
150 c.c. of water by stomach-tube, and by intravenous injections of 10 per cent, 
saline solution. At necropsy, the two kidneys were of equal weight and appeared 
normal. No abnormal histological changes were found. 


TABLE 2. — Findings in Experiment 4 



Right Kidney 

Left Kidney 

Amount of urine, first hour 

18 c.c. 

14 c.c. $ 

Specific gravity 

I.OIS 

1.013 

Sodium chlorid per 100 c.c 

.48 gm. 

.48 gm. 

Total chlorid 

86 mg. 

67 mg. 

Nitrogen per 100 c.c 

.40 gm. 

.35 gm. 

Total nitrogen 

.... 72 mg. 

49 mg. 

Diastase* 

. 16 

16 

Hydrogen ionization 

8 

8.7 

Phenolsulphonephthalein period :t 

Amount of urine, second hour 

Appearance time of dye 

23 c.c. 

20 c.c. 

5 minutes 

5 minutes 

Total excretion of dye 

22 per cent. 

24 per cent. 

Indigocarmin period: 

Amount of urine, third hour 

20 c.c. 

17 c.c. 

Appearance time of dye 

.... 5 minutes 

5 minutes 

Total excretion of dye 

.... 6 per cent. 

6 per cent. 

Prussian blue period: 

Appearance time of dye 

1^4 minutes 

Ij4 minutes 


* The diastase reading in this table and others represent the amount of 
0.1 per cent, starch solution digested in thirty minutes by 1 c.c. of urine at 
37 C. (98.6 F.). 

t Phenolsulphonephthalein and indigocarmin given intramuscularly. The 
indigocarmin excretion was followed for thirty minutes. One specimen of 
Prussian blue lost. 

$ Slight loss. 

Experiment 5. — Dog 20, weight 13.3 kg. Anesthetized with paraldehyd. 
Double lumbar incision followed by ureteral catheterization. ^ Diuresis induce 
by 200 c.c. of water by stomach-tube and by intravenous injection of 10 per cent, 
saline solution. At necropsy the two kidneys were of equal weight and appeared 
normal. No abnormal histological changes were found. 
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TABLE 3. — Findings 


Amount of urine, first hour 

Sodium chlorid per 100 c.c 

Total chlorid 

Nitrogen per 100 c.c 

Total nitrogen 

Diastase before diuresis 

Diastase after diuresis 

Freezing-point 

Hydrogen ionization 

Phenolsulphonephthalein period ;* 

Amount of urine, second hour 

Appearance time of dye 

Total excretion of dye 

Indigocarmin period : 

Amount of urine, third hour 

Appearance time of dye 

Total excretion of dye 

Prussian blue period: 

Amount of urine, fourth hour 

Appearance time of dye 

Total excretion of dye 

* All dyes were given intravenously. 


IN Experiment 

5 

Right Kidney 

Left Kidney 

18 c.c. 

19 c.c. 

1.3 gm. 

1.4 gm. 

234 mg. 

266 mg. 

.54 mg. 

.64 mg. 

97 mg. 

121 mg. 

64.5 

64.5 

32 

32 

—.55° 

—.90° 

5.5 

5.7 

70 c.c. 

60 c.c. 

1 45/60 minutes 

1 45/60 minutes 

40 per cent. 

43 per cent. 

55 c.c. 

50 c.c. 

1 45/60 minutes 

1 45/60 minutes 

14 per cent. 

14 per cent. 

30 c.c. 

30 c.c. 

1 minute 

1 minute 

22 per cent. 

20 per cent (?) 


Experiaient 6. — Dog 25, weight 7.5 kg. Anesthetized with paraldehyd. 
Double lumbar incision followed by ureteral catheterization. Diuresis induced 
by 200 c.c, of water by stomach-tube and by intravenous injection of 10 per cent, 
saline solution. At necropsy the two kidneys were of equal weight and appeared 
normal. No abnormal histological changes were found. 


TABLE 4. — Findings in Experiment 6 


Right Kidney 

Amount of urine, first hour 27 c.c. 

Specific gravity 1.017 

Sodium chlorid per 100 c.c .80 gm. 

Total chlorid 216 mg. 

Nitrogen per 100 c.c .30 gm. 

Total nitrogen 81 mg. 

Diastase before diuresis 32 

Diastase after diuresis 15 

Freezing-point — .910° 

Hydrogen ionization 7.4 

Phenolsulphonephthalein period ;* 

Amount of urine, second hour 16 c.c. 

Appearance time of dye 2 minutes 

Total excretion of dye 19 per cent. 

Indigocarmin period : • 

Amount of urine, third hour 27 c.c. 

Appearance time of dye 2j4 minutes 

Total excretion of dye 21 per cent. 

Prussian blue period: 

Amount of urine, fourth hour 35 c.c. 

Appearance time of dye 1% minutes 

Total excretion of dye 


Left Kidney 
21 c.c. 

1.012 
.84 gm. 

176 mg. 

.39 gm. 

82 mg. 

32 

15 

—1.03° 

7.0 

16 C.C. 

2 minutes 
15 per cent. 

25 c.c. 

2j4 minutes 
20 per cent. 

35 c.c. 

1^ minutes 

t 


*A11 dyes were given intravenously. There was leakage of phenolsulphone- 
phthalein at the point of injection. 

fLeft kidney excreted 10 per cent, more than the right kidney. Accurate 
estimation impossible on account of difference in color. 
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These three experiments show that under the conditions stated the 
amount of urine normally excreted from hour to hour from the two 
kidneys was nearly identical. There was considerable variation in 
both the concentration and total output of chlorid and nitrogen, and, 
as a result, variation in the molecular concentration as determined by 
the freezing-point. The amount of diastase from the two sides was 
the same. Dilution of urine by diuresis had a marked effect on the. 
excretion of this ferment, as was to be expected from Wohlgemuth’s 
and Geraghty, Rowntree and Carey's studies. The acidity of the urine 
showed only slight differences. The dye substances were all excreted 
promptly and in corresponding amounts from the two sides. As 
pointed out by Goodman and Kristeller and by Thomas, the total 
excretion of indigocarmin was approximately one-half that of phenol- 
sulphonephthalein. The difficulty of quantitating the excretion of 
potassium ferrocyanid is illustrated by the last two experiments. There 
is no reason to believe that the amounts excreted from the two sides 
were different. Yet the precipitate from one kidney was blue and 
from the other green. Comparative color readings, therefore, were 
very inaccurate. 


GROUP 2 : ANIMALS WITH WELL-MARKED NEPHRITIS 

Experiment 7. — Dog 17, weight 9.6 kg.; 0.8 mg. of uranium nitrate (0.085 
mg. per kilogram body weight) injected into left renal artery according to 


TABLE S. — Findings in Experiment 7 ‘ 


Amount of urine, first hour 

Specific gravity 

Sodium chlorid per 100 c.c 

Total chlorid 

Nitrogen per 100 c.c 

Total nitrogen '. . 

Diastase before diuresis 

B'reezing-point 

Hydrogen ionization 

Phenolsulphonephthalein period :* 
Amount of urine, second hour. 

Appearance time of dye 

Total excretion of dye 

Indigocarmin period: 

Amount of urine, third hour.. . 

Appearance time of dye 

Total excretion of dye 

Prussian blue period : 

Amount of urine, fourth hour. . 

Appearance time of dye 

Total excretion of dye 


Right Kidney 
10 c.c. 

1.039 
1.6 gm. 

160 mg. 

2.00 gm. 

200 mg. 

400 

—3.09° 

S.S 

12 c.c. 

6 minutes 
SO per cent. 

8 c.c. 

t 

20 per cent. 

16 c.c. 

4 minutes 


Left Kidney 

15 c.c. 

1.015 
1.1 gm. 

165 mg. 

.42 gm. 

63 mg. 

62.5 

— 1 . 00 ^ 

8.00 

61 c.c. 

5 minutes 
30 per cent. 

.15 c.c. 

t 

13 per cent. 

35 c.c. 

2 minutes 

t 


* All dyes were given intravenously. There was. leakage of phenolsulphoi^- 
phthalein around the point of injection, so when the^color first appeared, in the 
urine a second injection was given. Prussian blue in both urines precipit^e . 
as a green sediment which could not be read against the standard solution. I e 
two urines, therefore, were compared against each other. 


t Identical on both sides. 

$The left kidney excreted 66 per cent, as much as the right. 
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method described. Forty-eight hours later anesthetized with paraldehyd. Ure- 
ters catheterized after exposure through double lumbar incision. Diuresis 
induced by 200 c.c. of water by stomach-tube and by intravenous injections of 
10 per cent, saline solution. At necropsy, the right kidney was normal. The left 
kidney was much enlarged, firm, and dark. Microscopic sections from the right 
kidney, normal. Sections from the left kidney show no glomerular lesions, 
but marked tubular destruction. 

Experiment S. — Dog 9, weight 6.2 kg.; 0.6 mg. of uranium nitrate (0.1 mg. 
per kilogram body weight) injected into left renal artery according to the method 
described. After seventy-two hours, anesthetized with paraldehyd. Ureteral 
catheterization. Diuresis induced by 200 c.c. of water by stomach-tube and by 
intravenous injections of 10 per cent, saline solution. At necropsy, both kidneys 
looked normal. Microscopic sections from the right kidney were not remark- 
able. Sections from the left kidney showed no glomerular lesions, but marked 
tubular destruction. 


TABLE 6. — Findings in Experiment 8 


Right Kidney 

Amount of urine, first hour 38 c.c. 

Sodium chlorid per 100 c.c .5 gm. 

Total chlorid ISO mg. 

.Nitrogen per 100 c.c 1.00 gm. 

Total nitrogen 380 mg. 

Phenolsulphonephthalein :* 

Appearance time of dye 6 minutes 

Total excretion .' 20 per cent. 


*The dye was given intramuscularly. 


Left Kidney 

4 c.c. 

.8 gm. 

32 mg. 

.01 gm. 

4 mg. 

29 minutes 
Traces 


TABLE 7. — Findings in Experiment 9 


Right Kidney 

Amount of urine, first hour 45 c.c. 

Specific gravity 1.014 

Sodium chlorid per 100 c.c 1.5 gm. 

Total chlorid 675 mg. 

Nitrogen per 100 c.c .31 gm. 

Total nitrogen 139 mg. 

Diastase before diuresis 62.5 

Diastase after diuresis 32 

Freezing-point — 1.08° 

Phenolsulphonephthalein period :* 

Amount of urine 40 c.c. 

Appearance time of dye 2 minutes 

Total excretion of dye 54 per cent. 


* Dye given intravenously. 


Left Kidney 
4.4 c.c. 

1.006 
1.2 gm. 

52 mg. 

.08 gm. 

3 mg. 

16 

—.7° 

3 c.c. 

5 minutes 
Traces 


Experiment 9. — ^Dog 24, weight 4.2 kg.; 0.5 mg. of uranium nitrate (0.12 
mg. per kilogram body weight) injected into the left renal artery according to 
the method described. Two and one-half weeks later the animal was anesthet- 
ized with paraldehyd and the ureters were catheterized. Diuresis was induced 
by 200 c.c. of water by stomach-tube and by intravenous injections of 10 per 
cent, saline solution. At necropsy, the right kidney weighed 24 gm, and was 
normal. The left kidney weighed 17 gm., was of firm consistency and pale. 
The cortex was narrowed, and the kidney markings were obscured. The cap- 
sule was stripped with difficulty. Sections from the right kidney were not 
remarkable. Sections from the left kidney showed a considerable formation 
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of scar tissue. Many^of the glomeruli were completely destroyed and sclerosed. 
In parts of the kidney, however, they were less severely damaged and showed 
the remains of glomerular epithelium with old fibrinous thrombi in the capil- 
laries. In areas through the kidney, no tubular epithelium was left. Here the 
lumen of the tubules was filled with necrotic material and serum. In other 
places there was evidence of tubular regeneration as shown by large atypical 
epithelium. Throughout the entire kidney there was considerable edema. 

Experiment 10. — Dog 18, weight 11.1 kg.; 0.8 mg. of uranium nitrate (0.07 
mg. per kilogram body weight) injected into the left renal artery according to 
the method described. Twenty-four hours later anesthetized with paraldehyd. 
Ureteral catheterization. Diuresis induced by 200 c.c, of water by stomach-tube 
and by intravenous injections of 10 per cent, saline solution. At necropsy the 
right kidney appeared normal. The left kidney was enlarged, congested, and 
showed numerous small areas of necrosis. Microscopic sections from the right 
kidney were normal. Sections from the left kidney showed a few necrotic 
glomeruli, others, with fibrinous thrombi in the glomerular capillaries, and 
others with edema and hemorrhage into the subcapsular space. The majority 
of the glomeruli, however, showed no lesions. The tubules throughout the 
entire kidney were markedly damaged. 


TABLE 8. — Findings in Experiment 10 


Amount of urine, first hour 

Specific gravity 

Sodium chlorid per 100 c.c 

Total chlorid 

Nitrogen per 100 c.c 

Total nitrogen 

Diastase before diuresis 

Diastase after diuresis 

Freezing-point 

Hydrogen ionization 

Phenolsulphonephthalein period ;* 
Amount of urine, second hour 

Appearance time of dye 

Total excretion of dye 

Indigocarmin period; 

Amount of urine, third hour. . . 

Appearance time of dye 

Total excretion of dye 

Prussian blue period: 

Amount of urine, fourth hour. 

Appearance time of dye 

Total excretion of dye' 


Right Kidney 
65 c.c. 

1.020 

1.5 gm. 

975 mg. 

.70 gm. 

455 mg. 

500 

32 

—1.5“ 

8.00 

70 c.c. 

1J4 minutes 
61 per cent. 

30 c.c. 

2 minutes 
38 per cent. 

40 c.c. 

Ij4 minutes 
50 per cent. 


Left Kidney 
4 c.c. 

1.012 
1.00 gm. 

40 mg. 

.02 gm. 

.8 mg. ( ?) 

80 

16 

—.5° 

8.7 

4 c.c. 

14 minutes 
Traces 

7 c.c. 

14 minutes 
Traces 

4 c.c. 

21 minutes 
Traces 


* All dyes were given intravenously. 


Experiment 11. — Dog 22, weight 13.8 kg.; 1.8 mg. of uranium nitrate 
(0.13 mg. per kilogram body weight) injected into the left renal artery accord- 
ing to the method described. After twenty-four hours, anesthetized with par- 
aldehyd. Ureteral catheterization. Diuresis induced by 200 c.c. of water by 
stomach-tube, and by intravenous injections of 10 per cent, saline solution. At 
necropsy, the right kidney was normal; the left kidney was enlarged, dark red 
in color and of firm consistency. Sections from the right kidney were normal. 
Sections from the left kidney showed marked hemorrhagic necrosis destroying 
both tubules and glomeruli. 
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TABLE 9. — Findings in Experiment 11 


Amount of urine, first hour...... 

Specific gravity ’. . . . 

Sodium chlorid per 100 c.c 

Total chlorid 

Diastase before diuresis 

Diastase after diuresis 

Freezing-point 

Hydrogen ionization 

Phenolsulphonephthalein period : 
Amount of urine, second hour.. 

Appearance time of dye 

Total excretion of dye 

Indigocarmin period: 

Amount of urine, third hour... 

Appearance time of dye 

Prussian blue period : 

Amount of urine, fourth hour.. 

Appearance time of dye 

Total excretion 


Right Kidne}'’ 

40 c.c. in 1 hr. 
1.018 
1.2 gm. 

480 mg. 

32 

16 

—1.17° 

Acid to phthalein 

40 c.c. 

1% minutes 
49 per cent. 

40 c.c. 

1J4 minutes 

40 c.c. 

V /2 minutes 
68 per cent. 


Left Kidney 

1.6 c.c. in 4 hrs. 

1.015 

1.6 gm. 

25 mg. 

32 

—.62° 

Alkaline to 
phthalein 

None in 1 hour 


None in 1 hour 


None in 1 hour 


* All dyes were given intravenously. It was impossible to determine the 
indigocarmin excretion quantitatively. The urine from the affected kidney con- 
tained considerable blood. 


TABLE 10. — Findings in Experiment 12 


Amount of urine, first hour 

Specific gravity 

Sodium chlorid per 100 c.c 

Total chlorid 

Nitrogen per 100 c.c 

Notal nitrogen 

Diastase before diuresis 

Diastase after diuresis 

Freezing-point 

Phenolsulphonephthalein period :* 
Amount of urine, second hour. 

Appearance time of dye 

Total excretion of dye 

Indigocarmin period : 

Amount of urine, third hour. . . 

Appearance time of dye 

Total excretion of dye 

Prussian blue period: 

Amount of urine, fourth hour. 

Appearance time of dye 

Total excretion of dye 


Right Kidney 

Left Kidney 

35 c.c. 

.4 c.c. in 4 hrs. 

1.018 

1.011 

1.2 gm. 

.9 gm. 

420 mg. 

Traces 

.28 gm. 

98 mg. 

500 

Traces 

32 

Not determined 

—1.60° 

Nearly zero 

50 c.c. 


2j4 minutes 

46 per cent. 

None excreted 

18 c.c. 


2 minutes 


15 per cent. 

None excreted 

80 c.c. 


2^2 minutes 

52 per cent. 

None excreted 


*A11 dyes were injected intravenously. The Prussian blue reading is 
inaccurate on account of color changes. 


Experiment 12. — Dog 23, weight 10.3 kg.; 1 mg. of uranium nitrate (0.1 mg. 
per kilogram body weight) injected into the left renal artery according to the 
method described. Ninety-six hours later, anesthetized with paraldehyd, and 
ureters catheterized. Diuresis induced by 200 c.c. of water by stomach-tube and 
by intravenous injections of 10 per cent, saline solution. At necropsy, the right 
kidney was normal. The left kidney was enlarged and markedly congested. 
Sections from the left kidney showed areas of hemorrhagic necrosis in which 
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both tubules and glomeruli were destroyed. In the greater part of the kidney, 
the glomeruli were severely damaged. The tubules throughout were filled with 
cells, serum or necrotic material. The lining epithelium when present was 
atypical. ' , ■ . 

Experiment 13. — Dog 12, weight 11.4 kg.; 0.8 mg. of uranium nitrate' (0.07. 
mg. per kilogram body weight) injected into the left renal- artery according to 
the method described. After forty-eight hours, anesthetized with paraldehyd. 
Ureteral catheterization. Diuresis induced by 200 c.c. of water by stomach- 
tube and by intravenous injections of 10 per cent, saline solution. At necropsy, 
the right kidney was normal. The left kidney was much enlarged, dark, and 
contained scattered areas of necrosis. Microscopic sections from the right kid- 
ney were normal. Sections from the left kidney showed a few areas where the 
glomeruli and tubules were but little damaged. The greater part of the kidney, 
however, showed acute degenerative changes involving both glomeruli and 
tubules. 


TABLE 11. — Findings in Experiment 13 


Right Kidney 

Amount of urine, first hour 48 c.c. 

Specific gravity 1.019 

Sodium chlorid per 100 c.c .94 gm. 

Total chlorid 481 mg. 

Nitrogen per 100 c.c .94 gm. 

Total nitrogen 481 mg. 

Diastase after diuresis 32 

Freezing-point — 1.65° 

Hydrogen ionization 8.4 

Phenolsulphonephthalein period ;* 

Appearance time of dye 5 minutes 

Total excretion of dye 38 per cent. 

Indigocarmin period : 

Appearance time of dye 2 minutes 

Prussian blue period: 

Appearance time of dye 1)4 minutes 

Total excretion of dye 42 per cent. 


Left Kidney 


The left kidney 
was a n u r i c 
during the 
entire per iod 
of observation. 


* Phenolsulphonephthalein and indigocarmin injected intramuscularly. 
Indigocarmin gave a greenish color to the urine which was impossible to esti- 
mate quantitatively. 


These experiments illustrate several of the features which have 
been discovered in clinical studies on renal function. The amount of 
urine excreted from the two sides showed marked variations. In the 
.least severe type of nephritis, more urine appeared from the diseased 
side than from the control kidney. As the lesion progressed the kidney 
became less able to excrete fluid, and finally became anuric. The 
specific gravity of the urine from the diseased kidney was always less 
than from the normal side and had no relation, therefore, to the total 
fluid excretion. The concentration of sodium chlorid seemed to have 
no definite relation to the severity of the lesion. In four experiments, 
it was lower in the pathological kidney V urine than in the control s, 
but in rivo cases was higher. The total excretion, however, tendecj to 
diminishriyith an increasing disease. The concentration and total out- 
put of nitrogen was , a better index of renal function, ; Both dim.inished 
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Strikingly in proportion to the severity of anatomical changes. found in 
the kidney. As the disease progressed, differences in the molecular 
concentration of the urine increased. As a result, the freezing-point 
of the urine from the affected side was nearer zero. 

The diastase readings are of particular interest. In the two cases 
in which the determinations were made before diuresis was induced, 
differences were found which appeared to point out differences in 
degree of disease. After diuresis, however, the test was of little value. 
In Dog 4 the diastase reading was higher on the diseased side than on 
the control side, and equaled the output obtained before sodium chlorid 
was injected. The dog was practically anuric, and had a marked 
hematuria. This probably accounts for the atypical finding. In the 
tliree cases tested, there was a slight change in the hydrogen ionization 
of the urine from the diseased side. In two cases it was marked ; 
in one, it was no greater than in the control series. It seems warrant- 
able to believe, however, that in unilateral nephritis the markedly dis- 
eased kidney tends to excrete a less acid urine than normal. 

The total excretion of the three dye substances was much alike and 
depended on tfie severity of the lesion. Potassium ferrocyanid and 
phenolsulphonephthaiein were excreted with nearly equal rapidity, 
while indigocarmin was much less completely eliminated. The first 
experiment illustrates that the appearance time of a dye in the urine 
may give misleading information. In this animal the diseased kidney 
put out more urine than the normal, and the dyes from the injured 
side came to the urine as soon as from the control side or even sooner, 
although the total excretion was considerably less. In the more 
advanced cases, the appearance time of all the dyes from the diseased 
side was delayed in proportion to the severity of the lesion. 

Therefore, these experiments showed that with an increasingly 
severe nephritis, the urine from the affected side became more dilute. 
The excretion of nitrogen diminished in proportion to the severity of 
the lesion. The excretion of chlorid was more variable. Differences 
in the freezing-point of the compared urines showed the diseased side 
and, in a general way, afforded a quantitative test for the function of 
the two kidneys. This determination, however, was not so accurate a 
test for renal function as the comparative output of nitrogen or dyes. 

The excretion of the three dyes which were used afforded a good 
index of disturbed function. Phenolsulphonephthaiein was eliminated 
more completely and was simpler to estimate quantitatively than indigo- 
carmin or potassium ferrocyanid. The excretion of diastase gave val- 
uable information in regard to the degree of renal injury except when 
there were marked differences in the amount of urine which came 
from the two kidneys. 
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GROUP 3 : ANIMALS WITHOUT NEPHRITIS BUT WITH ABNORMAL RENAL 

FUNCTION 

Experiment 14. — ^Dog 14, weight 10.5 kg.; 0.6 mg. of uranium nitrate (0.06 
mg. per kilogram body weight) injected into the left renal artery according to 
the method described. After twenty-four hours, anesthetized with paraldehyd. 


TABLE 12. — Findings in Experiment 14 


Amount of urine, first hour 

Specific gravity 

Sodium chlorid per 100 c.c 

Total chlorid 

Nitrogen per 100 c.c 

Total nitrogen 

Diastase after diuresis 

Freezing-point 

Hydogen ^ ionization 

Phenolsulphonephthalein period 
Amount of urine, second hour 

Appearance time of dye 

Total excretion 

Indigocarmin period: 

Amount of urine, third hour. . . 

Appearance time of dye 

Prussian blue period: 

Amount of urine, fourth hour. 

Appearance time of dye 

Total excretion time of dye. . . . 


Right Kidney 

20 c.c. 

1.032 
.74 gm. 

148 mg. 

.63 gm. 

126 mg. 

62.5 

—1.72° 

7.8 

15 C.C. 

2j4 minutes 
15 per cent. 

17 C.C. 

10 minutes 

12 C.C. 


Left Kidney 
25 C.C. 

1.034 
.86 gm. 
215 mg. 

.50 gm. 

125 mg. 

32 

—1.56° 

7.8 

22 C.C. 

6 minutes 
16 per cent. 


• 15 minutes 
17 c.c. 

% 


* Phenolsulphonephthalein and indigocarmin were given intramuscularly. 
It -was impossible to quantitate the indigocarmin excretion, 
t Slightly sooner from the right than from the left. 

$Left kidney excreted 10 per cent, more than the right. 


TABLE 13. — Findings in Experiment 


Right Kidney 

Amount of urine, first hour 23 c.c. 

Specific gravity 1.012 

Sodium chlorid per 100 c.c 1.5 gm. 

Total chlorid 345 mg. 

Nitrogen per 100 c.c .44 gm. 

Total nitrogen 101 mg. 

Diastase after diuresis 24 

Freezing-point — 1.45° 

Hydrogen ionization 8.3 

Phenolsulphonephthalein period :* 

Amount of urine, second hour 50 c.c. 

Appearance time of dye 1 minute 

Total excretion of dye 51 per cent. 

Indigocarmin period: 

Amount of urine, third hour 14 c.c. 

Appearan.ce time of dye 1 minute 

Total excretion of dye 25 per cent. 

Prussian blue period: 

Amount of urine, fourth hour 17 c.c. 

Appearance of dye 1 minute 

Total excretion of dye.; 


15 


Left Kidney 

33 c.c. 

1.008 

1.2 gm. 

396 mg. 

.32 gm. 

106 rag. 

16 

—1.05° 

8.3 

60 c.c. 

1 minute 
45 per cent. 

20 c.c. 

1 minute 
25 per cent. 

18 c.c. 

1 minute 

t .. 


*A11 dyes were given intravenously. 

t Left kidney excreted 10 per cent, more than the right. 
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Ureteral catheterization. Diuresis induced by 200 c.c. of water by stomach- 
tube, and by intravenous injections of 10 per cent, saline solution. At necropsy 
the two kidneys appeared normal and were of equal weight. Sections from the 
left kidney showed no evidence of an acute lesion. 

Experiment 15. — Dog 16, weight 7.6 kg. ; 1 c.c. of normal salt solution was 
injected into the left renal artery according to the method described. Twenty- 
four hours later the animal was anesthetized with paraldehyd. Ureteral cathe- 
terization. Diuresis induced by 200 c.c. of water by stomach-tube, and by intra- 
venous injections of 10 per cent, saline solution. At necropsy the two kidneys 
appeared normal and were of equal weight. Sections from the left kidney 
showed no evidence of an acute lesion. 

Experiment 16. — Dog 19, weight 10 kg.; 0.9 mg. of uranium nitrate (0.08 
mg. per kilogram body weight) injected into the left renal artery according to 
the method described. There was slight leakage at the point of injection. After 
forty-eight hours, anesthetized with paraldehyd. Ureteral catheterization. 
Diuresis induced by 200 c.c. of water by stomach-tube, and by intravenous injec- 
tion of 10 per cent, saline solution. At necropsy the two kidneys were of equal 
weight and appeared normal. Microscopic sections from the right kidney were 
negative. Sections from the left kidney were not remarkable except for a few 
foci of round-cell infiltration. There was no evidence of any acute lesion. 


TABLE 14. — Findings in Experiment 16 


Amount of urine, first hour 

Specific gravity 

Sodium chlorid per 100 c.c 

Total chlorid 

Nitrogen per 100 c.c 

Total nitrogen 

Diastase before diuresis 

Diastase after diuresis 

Freezing-point 

Hydrogen ionization _ 

Phenolsulphonephthalein period :* 
Amount of urine, second hour. 

Appearance time of dye 

Total excretion of dye 

Indigo carmin period; 

Appearance time of dye 

Total excretion of dye 

Prussian blue period : 

Amount of urine, fourth hour.. 
Appearance time of dye 


Right Kidney 
15 c.c. 

1.007 
1.24 gm. 

186 mg. 

.43 gm. 

64 mg. 

64 

8 

—1.63° 

7.8 

20 c.c. 

1J4 minutes 
35 per cent. 

2 minutes 
24 per cent. 

20 c.c. 

1)4 minutes 


Left Kidney 
30 c.c. 

1.004 

1.5 gm. 

450 mg. 

.27 gm. 

81 mg. 

64 

8 

—1.33° 

7.8 

50 c.c. 

1)4 minutes 
38 per cent. 

2 minutes 
26 per cent. 

50 c.c. 

1)4 minutes 


* All dyes were given intravenously. It was impossible to ^estimate either 
the total or comparative output of potassium ferrocyanid on account of differ- 
ences in color. 


Experiment 17. — Dog 15, weight 9.6 kg.; 0.6 mg. of uranium nitrate (0.06 
mg. per kilogram body weight) injected into the left renal artery according to 
the method described. Five days later anesthetized with paraldehyd. Ureteral 
catheterization. Diuresis induced by 200 c.c. of water by stomach-tube, and by 
intravenous injections of 10 per cent, saline solution. At necropsy, the two 
kidneys 'were of equal weight and appeared normal. No abnormal histological 
changes were found. 

Experiment 18. — Dog 26, weight 7.2 kg. The left kidney was exposed and 
handled as usual without injection of the renal artery. Twenty-four hours later 
the animal was anesthetized with paraldehyd and the ureters were catheterized. 
Diuresis was induced by 200 c.c. of water by stomach-tube and by intravenous 
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injections of 10 per cent, saline solution. At necropsy, the two kidneys were 
of equal weight and appeared normal. Nothing abnormal was found in either 
kidney by histological examination. 


TABLE 15. — Findings in Experiment 17 


Right Kidney 

Amount of urine, first hour; 16 c.c. 

Specific gravity 1.033 

Sodium chloric! per 100 c.c .60 gm. 

Total chlorid 96 mg. 

Nitrogen per 100 c.c .46 gm. 

Total nitrogen 73 mg. 

Diastase after diuresis 64 

Freeaing-point — 2.31° 

Hydrogen ionization 8.0 

Phenolsulphonephthalein period :*■ 

Amount of urine, second hour 15 c.c. 

Appearance time of dye 4 minutes 

Total excretion of dye 30 per cent. 

Indigocarmin period: 

Amount of urine, third hour 22 c.c. 

Appearance time of dye t 

Total excretion of dye 18 per cent. 

Prussian blue period: 

Amount of urine, fourth hour 12 c.c. 

Appearance time of dye $ 

Total excretion of dye 


Left Kidney 

45 c.c. 

1.015 
1.00 gm. 

450 mg. 

.31 gm. 

139 mg. 

32 

— 2 . 00 ° 

5.5 

45 c.c. 

4^^ minutes 
35 per cent. 

45 c.c. 

t . 

18 per cent. 
32 c.c. 

t 


* Phenolsulphonephthalein and indigocarmin were given intramuscularly. It 
was impossible to determine accurately the relative .or absolute amounts of 
potassium ferrocyanid excreted on account of color changes, 
t Identical on both sides. 

J Slightly sooner from the right kidney than from the left. Left kidney 
excreted considerably more than the right. 


TABLE 16. — Findings in Experiment 18 


Right Kidney 


Left Kidney 


Amount of urine, first hour 

Specific gravity 

Sodium chlorid per 100 c.c 

Total chlorid 

Nitrogen per 100 c.c 

Total nitrogen 

Diastase before diuresis 

Diastase after diuresis 

Freezing-point 

Hydrogen ionization 

phenolsulphonephthalein period : 
Amount of urine, second hour 

Appearance time of dye 

Total excretion of dye 

Indigocarmin period: 

Amount of urine, third hour. 

Appearance time of dye 

Total excretion of dye 

Prussian blue period : 

Amount of urine, fourth hour 

Appearance time of dye 

Total excretion of dye 


18 c.c. 
1.017 
1.6 gm. 
288 mg. 

.62 gm. 
117 mg. 

32 

4 

—1.35° 

7.4 


65 c.c. 
1.012 
1.3 gm. 
845 mg. 

.22 gm. 
143 mg. 
16 
3 

—.85° 

7.0 


16 c.c. 

2^/2 minutes 
40 per cent. 

ii Vi.:} iri'i 

25 c.c. 

1^4 minutes 
20 per cent. 

i: iJ i:. ; 

42 c.c. 

2 minutes 


38 c.c. 

2 minutes 
42 per cent. 

31 c,c. 

1^ minutes 
20 per cent. 

61 c.c, 

1J4 minutes 
* 


* Left kidney excreted nearly twice as much as right. Accurate estimation 
impossible on account of differences in color. 
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The striking feature in the last series of experiments was the 
pronounced potyuria occurring from the side which had been manipu- 
lated. It occurred during each of the four hours of observation and 
so cannot be attributed to a normal variation in the amount of urine 
excreted. The specific gravity of the urine from the polyuric kidney 
was always the lower. Both the concentration of sodium chlorid and 
its total output varied widely. But in every instance, the total output 
of sodium chlorid from the abnormal side was greater than from the 
control side. The concentration of nitrogen from the diseased kidney 
was lower in every case than from the normal kidney. The total out- 
put for the period, however, was considerably highly than on the con- 
trol side. In every case, the freezing-point was lower in the normal 
urine than in the urine from the polyuric kidney, which showed that 
the kidney with polyuria secreted a urine of less molecular concentra- 
tion than normal. As might be expected from the previous notes, the 
diastase readings were insignificant. In two cases, the reaction of the 
urine was more acid from the diseased side than from the control. 
In the other cases the hydrogen ionization of the two urines was the 
same. As in the preceding experiments, the excretion of dyes from 
the two kidneys was parallel. In the case with the least polyuria, the 
appearance time of all the dyes from the affected kidney was delayed. 
In the remaining experiments, the dyes appeared in the two urines at 
approximately the same time. The total amount of dye excreted from 
the two kidneys in each instance was nearly the same. In certain of 
the experiments one or another dye appeared to be excreted from the 
.diseased side in an amount above normal. 

Thus, these experiments are radically different from those observa- 
tions in which the kidney was definitely diseased. Here the arnount of 
urine, nitrogen and chlorid which was excreted from the injured kidney 
was greater than from the control side, and the amount of dyes put out 
was at least normal. The explanation of these findings is ' uncertain. 
Further studies in this condition are necessary to understand its sig- 
nificance. 

SUMMARY 

Experiments have been undertaken to compare, on the same animal, 
the tests for renal function which are most commonly used in studying 
unilateral disease. Nephritis was produced by the injection of uranium 
nitrate into the renal artery of one kidney, according to the method of 
Ribbert and Baehr. By this procedure, one-sided lesions of varying 
intensity were caused. 

The results of these experiments fall into two groups. One group 
consists of animals whose kidneys anatomically were normal yet func- 
tionally were pathological. The functional condition encountered sug- 
gested a hyperpermeability of the kidney to water, chlorid, nitrogen 
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and in certain instances, to various dyes. No explanation for these 
findings is offered. 

The other group of experiments consists of animals in which a 
well-marked nephritis was produced. In these animals, tests for renal 
function were applied and gave results similar to those which have 
been reported in human beings. 

Clinical studies have suggested that a close parallelism exists 
between the degree of kidney destruction and the kidney’s ability to 
excrete various solid substances ; and that all the tests most commonly 
used in the study of renal function give parallel results. The experi- 
ments reported demonstrate by a variety of tests for renal function 
made on the same animal at the same lime that such a parallelism does 
“ exist, but that certain of the tests are more significant than others. 

The total excretion of nitrogen from one kidney over a given 
period of time, as compared with its excretion from the other kidney, 
gives accurate information in regard to the existence and degree of 
disease. The comparative excretion of diastase from the two kidneys 
is a valuable test for renal function when the amount of urine from 
the two kidneys is nearly the same. This test has a striking disad- 
vantage. Dilution of urine produces such marked differences in the 
diastase excretion that when the urine from the two kidneys is excreted 
in different amounts the observation becomes valueless. As the renal 
disease advances and the urine becomes more dilute, the freezing- 
point approaches zero. This determination, however, is not so sharp a 
quantitative test for renal function as the excretion of nitrogen or dye 
substances. 

Of the two dyes commonly used, phenoIsUlphonephthalein is the 
better. It can be injected in small bulk, is excreted rapidly from the 
kidneys, and the amount put out can be quantitated accurately. Indigo- 
carmin does not show changes in renal function which are not demon- 
strated by phenolsulphonephthalein, and has two disadvantages. It 
requires a considerable amount of injection fluid and its excretion is 
difficult to read colorimetrically. The latter objection can be obviated, 
in part, by intravenous administration of the dye. The excretion of 
potassium ferrocyanid parallels that of phenolsulphonephthalein and 
indigocarmin, but is more difficult to estimate colorimetrically. Hence, 
for practical purposes, it is of no value as a test for renal function.- 
The reaction of the urine from. a severely diseased kidney apparently 
tends to become less acid than that from the normal side. This varia- 
tion, however, is not sufficiently marked to be used as a functional test 
for one-sided disease. 

It appears, therefore, from the foregoing experimental observa- 
tions, that renal function is best estimated by the determination of 
nitrogen excretion and by the phenolsulphonephthalein test. 



STUDIES IN PAROXYSMAL EDEMA* 


WALTER W. PALMER, M.D. 

BOSTON 

Recently two cases with histories of periodic attacks of generalized 
edema without the usual evidence of kidney disease have been under 
observation in the Massachusetts General Plospital. These seem, 
together with certain chemical investigations on them, to be of suffi- 
cient interest to be reported. 

Case 1. — History. Mrs. D., aged 33, in excellent circumstances, at an early 
age was operated on for acute appendicitis. Since this operation a previous 
troublesome constipation has been more marked. In 1909, at the end of her 
last pregnancy, she was seriously ill with the kidney of pregnancy. During this 
time there appeared in the urine large amounts of albumin and casts which 
gradually disappeared after the birth of the child. For the past three or four 
years she has been engaged actively in social and philanthropic interests. 

In June, 1913, the patient came to Dr. Edsall for the first time, complaining 
of attacks of prostration, associated with nausea, which passed off after rest. 
At other times she has attacks in which there is a generalized edema resulting 
in a gain of as much as 15 pounds in weight. The edema rapidly passes off 
as soon as free catharsis is established. Accompanying the edema the only 
symptom is an unpleasant feeling of tenseness of the skin. The attacks of 
edema are prone to occur when she becomes constipated, and are said to bear 
some relation to menstruation. 

Physical Examination . — ^The physical examination is negative. Repeated 
examination of the urine failed to reveal casts or albumin. 

Management . — ^Inability of the kidney to excrete chlorids was suspected of 
being the cause of the attacks of edema and in July the patient was put on a 
diet low in salt. Since she has been on this diet she has had no attacks similar 
to those previously described, except on one occasion when additional salt was 
given to test the functional capacity of the kidney for salt excretion. On four 
different occasions in October and November her daily excretion of sodium 
chlorid was determined and was between 2 and 3 grams. In December on two 
successive days she was given 6 grams additional salt with the result that on 
those days her twenty-four-hour amount of sodium chlorid excretion was only 
0.32 gm. on the first, and 0.75 gm. on the second day. Accompanying the inges- 
tion of the salt there was nausea and edema, which disappeared as soon as 
free catharsis was established. More extensive and accurate chemical studies 
were impossible because the patient was not in the hospital. 

Case 2. — History . — ^The second case, a Russian Jew, aged 40, was on the 
recommendation of Dr. J. H. Pratt, admitted to the East Medical Service of 
the Massachusetts General Hospital, Feb. 24, 1914, complaining of cough, dys- 
pnea and swelling of the face, body and extremities. 

Family History . — Not remarkable. 

* Submitted for publication Aug. 19, 1914. 

*From the Medical Service and the Chemical Laboratory of the Massa- 
chusetts General Hospital. 

*An abstract of this paper was presented at the meeting of the American 
Association for the Advancement of Clinical Research, Atlantic City, May, 1914. 
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Past History.— The patient had measles in childhood and bronchitis ten years 
ago; otherwise has considered himself well. He is habitually constipated. He 
has not had tonsillitis, rheumatism or scarlet fever and denies veneral disease. 
He does not use tea, coffee, alcohol or tobacco excessively. His work is sell- 
ing salt fish, which requires no great exertion, but much walking. 

Present Illness. — Six years ago he first noticed swelling of the scrotum 
associated with a slight dry cough, but no dyspnea, or swelling of the legs. 
After two weeks’ rest the swelling of his testicles disappeared and the cough 
ceased. 

^ A year later, five years ago, there was a return of the edema of the scrotum 
with edema of the legs, abdomen, chest and face, associated with some short- 
ness of breath, A similar attack has occurred each year, and each time has 
passed off after a two weeks’ rest. 

For the past six months he has had varying degrees of edema of the face, 
abdomen and legs, and moderate dyspnea. During the past week both the 
edema and the dyspnea have increased. He has had no orthopnea, but is sub- 
ject to choking attacks in which he gets blue imthe face. His urine is scanty. 

Physical Examination. — This shows a man of medium height able to lie flat 
in bed without discomfort, breathing noisily but not rapidly. The face is 
markedly edematous, the puffiness about the eyes nearly closing them. The skin, 
sclerae, mucosae and lymph-nodes reveal nothing abnormal. The pupils are 
equal, regular and react normally. The tongue, throat and tonsils are gener- 
ally reddened. There is marked pyorrhea alveolaris. The heart’s impulse is 
neither seen nor felt at the apex; the left border of cardiac dulness on percus- 
sion is 13 cm. to the left, the right border 3 cm. to the right of the midsternal 
line. The heart sounds are regular and of good quality. There is heard over 
the precordia a cardiorespiratory murmur. The pulmonic second sound is 
louder than the aortic and is accentuated. The pulses are of good volume and 
tension. The artery walls are easily palpable and distinctly thickened. Noth- 
ing is found in the lungs. There is shifting dulness in the abdomen, but no 
fluid wave can be made out. Neither spleen nor liver is felt, no masses or 
tenderness discovered. There is a marked soft edema of the abdominal wall, 
of the penis and scrotum and a massive brawny edema of the legs and thighs. 

The Wassermann reaction on the blood is negative. The urine on repeated 
examinations showed no albumin or anything abnormal in the sediment. 

Clinical Course. — He was kept in bed, given no drugs and put on a salt-low 
diet. The remarkable diuresis, loss of weight and diminishing edema is best 
appreciated by consulting the* accompanying table. In five or six days he 
reached what may be assumed to be his normal weight. All subjective symptoms 
cleared rapidly with the loss of edema and he was soon up about the ward with- 
out dyspnea or any return of the edema. Dr. J. H. Pratt made daily observa- 
tions on the blood-pressure and heart condition. 

March 3. The apex is noted as being in the sixth space, visible and easily 
palpable, 14 cm. outside the midsternal line. 

March 5. Orthodiagram by Dr. Holmes shows the heart shadow enlarged 
to the left and lying somewhat horizontal in the chest. The’ apex is im the 
sixth space, 10 cm. to the left of the median line. The right border is S cm. 
to the right of the median line. The total transverse diameter is 18 cm. 

March 17. The apex impulse is’ visible and palpable in the fifth space, 10 cm. 
from the median line. Sounds are loud and clear. 

The systolic blood-pressure at entrance was 150 mm. where it remained for 
seven days, then falling to 115 mm. where it stayed while the patient remained 
in the hospital. The diastolic was 115 mm. at entrance and constant for. eight 
days, then becoming 100 mm., did not change until the patient left the hospital. 

In the second case the periodicity and degree of edema without 
evidence of kidney disease as determined by the usual clinical examina- 
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tion, and a history of circulatory disturbance not of sufficient severity 
to explain the condition satisfactorily, suggested more careful studies 
of the functional activities of the kidney. Accordingly the following 
observations were made. 

1. Urinary output and specific gravity. 

2. The urinary acidity (hydrogen ion concentration) as estimated 
by Henderson and Palmer.’- 

3. Titratable acid of the urine as described by Henderson.^ 

4. Urinary ammonia, Folin’s new method.^ 

5. Chlorids, Volhard’s method. 

6. Phenolsulphonephthalein excretion as described by Rowntree 
and Garaghty.^ 

7. Salt, lactose and potassium iodid excretion was determined as 
recommended by Schlayer.^" 

The urinary nitrogen was also determined, but as the patient’s diet 
was not analyzed the nitrogen balance is only approximate. 

DISCUSSION 

Bohne® in 1897 first recognized reduced excretion of chlorids in 
cases with edema and later, in 1902, WidaF and Strauss® pointed out 
the important relation between edema and sodium chlorid retention in 
connection with therapeutic measures in these cases. So much litera- 
ture on the subject has accumulated that it is impossible in a brief 
report of this nature to review critically the experimental and clinical 
facts on sodium chlorid metabolism brought to light in the various 
papers. Excellent reviews have been made by von Noorden,® Chri.s- 

1. Henderson, L. J., and Palmer, W. W. : The Intensity of Urinary Acidity 
in Normal and Pathological Conditions, Jour. Biol. Chem., 1913, xiii, 393. 

2. Henderson, L. J. : The Process of Acid Excretion, Jour. Biol. Chem., 
1911, ix, 403. 

3. Folin, O., and MacCallum, A. B. : The Determination of Ammonia in 
Urine, Jour. Biol. Chem., 1912, xi, 523. 

4. Ro-wntree, L. G., and Geraghty, J. T. : An Experimental and Clinical 
Study of Phenolsulphonephthalein in Relation to Renal Function in Health and 
Disease, The Archives Int. Med., 1912, ix, 284. 

5. Schlayer and Takayasu; Untersuchungen iiber die Funktion kranker 
Nieren beim Menschen, Deutsch. Arch. f. klin. Med., 1910-11, ci, 333. 

6. Bohne, J. : Ueber die Bedeutung der Retention von Chloriden im organis- 
mus fiir die Entstehung uramischer und comatoser Zustand, Fortschr. d. Med., 
1897, XV, 121. 

7. Widal, F. : La cure de dechlorination, Bull. med. d. hop., Paris, 1903, xx, 
773, 990. 

8. Strauss, H. : Zur Behandlung und Verhiitung der Nierenwassersucht, 
Therap. d. Gegenw., 1902, iv, 444; 1903, v, 193. 

9. von Noorden, C. : Metabolism and Practical Medicine, English transla- 
tion. 1907, ii, 461, Chicago. 
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Table Giving Data of Metabolism 


Date 

i’eb. 

i 

Pluid 1 
Intake 

Urine, 

c.c. 

Sp. Gr. 

25 

540 

900 

1.022 

26 

640 

2,180 

1.012 

27 

990 

3,420 

1.011 

28 

870 

5,940 

1.009 

Mar. 

1 

1,000 

4,120 

1.010 

2 

1,200 

2,200 

1.013 

3 

985 

1,580 

1.020 

4 

1,455 

1,700 

1.016 

5 

1,500 

600 

1.020 

6 

1,190 

1,120 

1.020 

7 

1.450 

840 

1.024 

8 

1,500 

800 

1.020 

9 

1,500 

1,020 

1.019 

10 

1,500 

900 

1.019 

11 

1,500 

1,050 

1.018 



actual value. The minus sign ^^s 


t'Sgrfms'oI laetoir^creted 


. Hnn expressed as the logarithm of the “ctoal 

,f„?n^^fSted if eight hours. Seven and one-half grams 
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— IN Case 2 on Salt-Low Diet 


NaCl 

per 

cent 

Pood 

Nitro- 

gen 

Total j 
Nitrogen 
in Urine 

1 

Nitrogen j 
Balance j 

Pood, 

Calories 

Weight, 

Pounds 

0.33 

4.8 


! 


0.78 

7.4 

7.80 

— 0.4 1 

0S7 


0.71 

8.3 

8.80 

— 0.5 I 

1,118 

1611/^ 

0.64 

5.9 

8.75 

— 1.8 

1,028 

149V^ 

0.68 ' 

8.5 

7.90 

+ 0.6 ’ 

1,141 

1361^ 

0.73 j 

9.8 

7.95 

-f 1.9 j 

1,316 

128% 

0.63 1 

8.3 

8.30 

0,0 j 

1,129 

123 

0.57 < 

12.1 


' 

2,192 

120%, 

■■■ 

12.1 


J 

2,192 

119 

0.40 

10.5 



1.994 

118 

0.30 

14.0 


i 

i 

1 

t 

2,569 

117 

0.28 

14.0 


i 

i 

1 

2,569 

117% 

0.S7 

14.0 

1 


•2,569 

117% 

0.44 

14.0 



2,569 

117 

14.0 



2,569 

117 

0.76 

' 14.7 



2,704 

116% 

1 14 

14.7 


1 

2,704 

118 

1 34 

14.7 



2,704 

118% 

0.80 

14.7 



2,704 

118 

0.68 

14.7 




2,704 

118 








Diet 


500 c.c. milk. 

6-10 c.c. milk. 

800 c.c. milk. 

800 c.c. milk. 

1,000 c.c. milk, 60 gm. salt-free bread, 1 boiled egg, 
30 gm. butter. 

1,000 c.c, milk, 60 gm, salt-free bread, 1 boiled egg, 
30 gm, butter. 

1,000 c.c. milkt 60 gm. salt-free bread, 1 boiled egg, 
30 gm, butter, 200 c.c. milk added. 

1,000 c.c. milk, 60 gm. salt-free bread, 1 boiled egg, 
30 gm. butter, 200 c.c. milk added. 

1,000 c.c. milk, GO gm. salt-free bread, 1 boiled egg, 
30 gm. butter, 200 c.c. milk added. Add to diet fol- 
lowing: 40 gm. bread, 30 gm. butter, 1 orange, 
300 c.c. milk. 

1,000 c.c. milk, 60 gm. salt- free bread, 1 boiled egg, 
30 gm, butter, 200 c.c. milk added. Add to diet fol- 
lowing: 40 gm. bread, .SO gm. butter, l orange, 
300 c.c. milk. 

1,000 c.c. milk, 60 gm, salt-free bread, 1 boiled egg, 
30 gm. butter, 200 c.c. milk added. Add to diet fol- 
lowing: 40 gm. bread, 20 gm. butter, l orange, 
300 c.c. milk. 

1,000 c.c. milk, 60 gm. salt-free bread, 1 boiled egg, 
30 gm. butter, 200 c.c. milk added. Add to diet fol- 
lowing: 40 gm. bread, 30 gm. butter, 1 orange, 
300 c.c. milk. 

1,000 c.c. milk, 60 gm. salt-free bread, 1 boiled egg, 
30 gm. butter, 200 c.c. milk added. Add to diet fol- 
lowing: 40 gm. bread, 30 gm. butter, 1 orange, 
300 c.c. milk. 

1,000 c.c. milk, 60 gm. salt-free bread, 1 boiled egg, 
30 gm, butter, 200 c.c. milk added. Add to diet fol- 
lowing: 40 gm. bread, 30 gm. butter, l orange, 
300 c.c. milk. 

1,000 c.c. milk, 60 gm, salt-free bread, 1 boiled egg, 
30 gm. butter, 200 c.c. milk added. Add to diet fol- 
lowing: 40 gm. bread, SO gm. butter, 1 orange, 
300 c.e. milk. 

1,000 c.c. milk, 60 gm. salt-free bread, 1 boiled egg, 
30 gm. butter, 200 c.c. milk added. Add to diet fol- 
lowing: 40 gm. bread, 30 gm. butter, 1 orange, 
300 c.c. milk. Add 50 gm. bread, 10 gm. NaCl. 

1,000 c.c. milk, 60 gm, salt-free bread, l boiled egg, 
30 gm. butter, 200 c.c. milk added. Add to diet fol- 
lowing: 40 gm. bread, SC gm. butter, 1 orange, 
300 c.c. milk. Add 50 gm. bread, 10 gm. NaOl. 

1,000 c.c. milk, 60 gm. salt-free bread, 1 boiled egg, 
30 gm. butter, 200 c.c. milk added. Add to diet fol- 
lowing: 40 gm. bread, 30 gm. butter, 1 orange, 
300 c.c. milk. Add 50 gm. bread, 10 gm. NaOl. 

1,000 c.c. milk, 60 gm. salt-free bread, l boiled egg, 
30 gm. butter, 200 c.c. milk added. Add to diet fol- 
lowing; 40 gm. bread, SO gm. butter, l orange, 
300 c.c. milk. Add 50 gm. bread. 

1,000 c.c. milk, 60 gm. salt-free bread, 1 boiled egg, 
SO gm. butter, 200 c.c. milk added. Add to diet fol- 
lowing: 40 gm. bread, 30 gm. butter, 1 orange, 
300 c.c. milk. Add 50 gm. bread. 


omitted. t Pbenolsulpbonepbtbalein 90 % in two hours. 

forty-eight hours. Non-coagulable nitrogen in the blood— 40 mg. to 100 c.c. blood. (Kindness of Dr. Denis.) 
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tian/° , Georgopiilos“ and Widald^ The connection between sodium 
chlorid and edema is well established. 

The chief point of contention centers about the question whether 
the retention of salt is the cause or the result of water retention. Many 
authors, Strauss,® Widals'^ Halpern,^® Castaigne^'^ and others, believe 
that salt retention in the tissues is primary. If saline solution be 
injected into normal animals and animals in which nephritis has been 
produced experimentally, no difference is to be found in 'the urine, 
whereas, if both animals are bled and saline solution injected soon 
after, the blood of the nephritic contains less salt. These experiments 
led Castaigne to favor the primary salt retention theory. Salt retention 
in certain febrile diseases as lobar pneumonia, typhoid fever, rheumatic 
fever, gastric carcinoma and tuberculosis is considered by Achard,^® 
Loeper,^® Latibry^® and Mtiller^’' as further evidence of primary salt 
retention. Georgopulos^^ believes the kidney becomes impermeable to 
water so that sodium chlorid is retained to satisfy the laws governing 
osmotic pressure in the body. The impermeability on the part of the 
kidney to salt is deemed of prime importance by Widal, Strauss, 
Halpern, Schlayer and others. Evidence was early presented by 
Cohnheim and Lichtheim^® that injury to the capillary walls leading to 
increased permeability to salt probably played an important part in 
salt retention. They were not able to produce edema of the subcu- 
taneous tissues by injecting large amounts of saline solution until the 
tissues had been injured in some way. Magnus’-® confirms this view 
in experiments, in which he was not able to produce a general edema 
by injecting large amounts of salt solution until he had poisoned the 
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animal with either arsenic, chloroform, chloral hydrate or ether. 
Miiller believes there is some toxic agent which renders the capillaries 
more permeable to chlorids. His view is shared by Jackson and 
Elting.-° After reviewing the many cases reported in the literature, 
one is impressed with the fact that any one explanation is frequently 
inadequate for all the various conditions encountered. In most of the 
cases reported there is definite kidney disease or marked circulatory 
disturbance. Persistent hereditary edema of the lower legs (Milroy’s 
disease) , general edema occurring in children with gastro-intestinal dis- 
turbances, angioneurotic edema and edema neonatorum need not con- 
cern us here. 

Jackson and Elting““ have reported a case of edema in which there 
was no evidence of kidney disease, but the patient had been working 
for years in a vitiated atmosphere due to the decomposition of linseed 
oil, gums, resins and hydrocarbon compounds. The history was one of 
gradually increasing edema until it became very marked. Examina- 
tion of the heart, lungs and urine were negative. The treatment with 
a salt-low diet, sweating and the usual diuretics had no effect on the 
edema. A marked diuresis with a large increase in the sodium chlorid 
elimination followed the administration of potassium nitrate. As 
Jackson and Elting were able to find no anatomical condition to explain 
the edema in their case they concluded that increased permeability of 
the capillaries to salt due to certain toxins and the increased combin- 
ing power of the tissues for chlorids could best account for the con- 
dition. 1 

In the cases here reported there is no evidence of kidney disease as 
' determined by the usual urinary examination. The chief points of 
interest in the first case are, a history of a kidney of pregnancy, recur- 
rent attacks of generalized edema usually associated with constipation, 
relief from symptoms on a salt-low diet and freedom from constipation, 
and a marked decrease -in chlorid excretion in the urine after the addi- 
tion of the small amount of 6 grams of salt to the intake: There seems 
to be definite incompetency on the part of the kidney to excrete 
chlorids. Although the kidney is able to take care of 2 to 3 grams daily, 
any increase in the demand for sodium chlorid excretion temporarily, 
at least, markedly reduces this particular function. That the bowel is 
important in the excretion of salt in this case seems very probable. 
The role of the bowel in chlorid elimination has been studied .by JavaP^ 

20. Jackson, H. C., and Elting, A. W. : Clinical Notes and Physicochemical 
Study of Salt Elimination in the Urine of an Individual with General Edema 
of Obscure Origin, Followed by Cure, Albany Med. Ann., 1909, xxx, 74. 

. 21. Javal, M. A. : De I’elimination du chlorure de sodium par la diarrhee, 
Semaine med., 1903, xxiii, 224. 
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and Halpern/3 -who found that normally and usually in nephritis the 
salt excretion by bowel is insignificant, amounting to a. few tenths of a 
gram daily ; in nephritis, however, with or without diarrhea, there may 
be as much as 3 to 5 grams excreted in the feces daily. 

The data presented in connection with the second case are interest- 
ing. Following a day’s rest on a restricted diet there occurred a quite 
remarkable urinary crisis. During five days, February 26 to March 2, 
inclusive, on a total fluid intake of only 4.7 liters the urinary output 
was nearly 18 liters. The loss in weight was 41^4 pounds, or nearly 
one-third of the normal weight.-^ The total chlorid ingestion was not 
more than 15 gm., while the excretion was 124 gm., or 109 gm. in 
excess of the intake. On February 28 the sodium chlorid excreted was 
over 38 gm., or 35 gm. in excess of the day’s ingestion, a record which 
I have not seen equaled in the literature. Cases with marked urinary 
crises are reported. In 1905 Rolleston and Attlee-^ reported a case of 
a man aged 36 with nephritis who lost 64j4 pounds in sixteen days 
while taking caffein citrate, gr. 7, three times a day. Rolleston and 
Goda,-'^ in 1909, reported a case of nephritis in a man of 27 who lost 
59 pounds in four days, the only therapy being hot air baths. 

Relative to the salt metabolism in the second case the effect of the 
addition of salt to the diet on February 12, 13 and 14, is interesting. 
During these three days 30 gm. of salt with the salt in the diet, which 
may be estimated as 9 gm., making a total of 39 gm., were ingested. 
For the three days the total excretion is only 26 gm., nor is the differ- 
ence to be found in the day following. It should also be noted that 
there was no gain in weight. That there can be chlorid retention with- 
out edema has been shown by Ambard and Beaujard.^^ But it seems 
improbable in this case. With the history of the preceding case in 
mind, it is interesting that during the three days of extra salt he had 
three to four loose dejections daily. Unfortunately, the importance of 
this was noticed too late to save the feces for chlorid estimations. The 
percentage of sodium chlorid in the urine indicates, according to 
Schlayer and his school, little trouble with the function of the tubules 
of the kidney. Through the diuresis the percentage was constant, 
diminishing considerably after the disappearance of the edema to a 
minimum of 0.28 per cent., and increasing as markedly on the addition 

22. Unfortunately the patient was not weighed until he had been in^ the hos- 

pital two days. From his urinary output it is safe to say that his loss in weight 
was nearer 50 pounds than 40. ... 

23. Rolleston, H. D., and Attlee, John : Extraordinarily Rapid Diminution 
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25. Ambard, L., and Beaujard, E.: La retention chloruree seche, Semame 
med., 1905, xxv, 133. 



WALTER W. PALMER 


337 


of salt to a maximum of 1.34 per cent, without any increase in the 
urinary output. 

The behavior of the acid factors are very suggestive. From a 
highly acid urine, 5.1, on the day of entrance it rapidly became alkaline, 
7.4 (approximately the reaction of normal blood). Contrary to what 
might be expected, the titratable acid and ammonia were much reduced 
on the day of the largest amount of urine. On the first day the total 
acid excretion on a low diet was 1,201 c.c. as against the normal 687 c.c. 
on a full diet for a hydrogen ion concentration only slightly lower.-® 
During the first few days the ratio of acid to ammonia was normal, but 
following the diuresis there was an increase in the acid over the 
ammonia, a relation which I have found to be significant in certain 
types of nephritis.-^ This low ammonia, however, persists for a few 
days only. Its significance in this particular case is uncertain. It has 
been shown that mild grades of acidosis undoubtedly exist in many 
cases with edema.-® The significance of the peculiar acid factors in 
this case is not clear, but some disturbance in body reaction seems 
probable. 

Rather more phenolsulphonephthalein, 90 per cent., was excreted 
in two hours than is normally the case. Baetjer,-® and Pepper and 
Austin®® have reported several cases of nephritis in which the phenol- 
sulphonephthalein excretion was higher than normal. Baetjer also 
found increased permeability to lactose with a normal potassium iodid 
output, a condition which he calls superpermeability of the kidney. In 
my case the lactose was somewhat delayed if the normal excretion of 
2 grams of the substance intravenously be considered as six hours. 
The time of the potassium iodid output was within normal limits, forty- 
eight hours. In Baetjer’s cases, as also in mine, the non-coagulable 
nitrogen in the blood was not abnormally high. 

In the second case the following facts seem to me important : First, 
extensive generalized subcutaneous edema in the absence of any dis- 
coverable renal disease or irritation ; second, mild circulatory symptoms 
but a distinct cardiac enlargement and a well-marked arteriosclerosis; 
third, a rapid disappearance of the edema on rest and diet. This 
evidence throws a strong suspicion on the circulatory system as playing 
a prominent part in causing the attacks of edema. The response of 

26. Henderson, L. J., and Palmer, W. W. ; The Several Factors of Acid 
Excretion, Jour. Biol. Chem., 1914, xvii, 305. 
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1913, xi, 593. 

30. Pepper, O. H. P., and Austin, J. H. : Interesting Results with the Phenol- 
sulphonephthalein Test, Am. Jour. Med, Sc., 1913, cxlv, 254. 
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the body to additional salt by only a moderate increase of salt in the 
urine, although there was a nearly normal increase in the percentage, 
and the associated diarrhea, suggest some renal impermeability to salt. 

SUMMARY 

The cases reported illustrate again the well-known relation between 
sodium chlorid and edema, and suggest a possible explanation in some 
cases of edema of obscure cause. The impermeability to salt on the 
part of the kidney is an important factor. 

Attention is called to the bowel as a vehicle for the excretion of salt. 
This fact is important in the treatment of cases with edema of obscure 
origin. 

In certain types of edema there may exist mild grades of acidosis 
which ma)’’ play some role in the persistence of the condition. 



BOOK REVIEWS 


L’Alternance DU Coeur: Etude Critique et Clinique. Par Laurent Gravier; 

Moniteur d’Histologie a la Faculte de Medecine de Lyon. Paris : J. N. 
Bailliere et Fils, 1914, pp. 429. 

When it is possible to publish a book of 429 pages devoted to the single 
symptoms of alternation, the study of the arhythmias of the heart may be 
said to have reached a point of great intensity. In undertaking his task Gravier 
has brought together all that is known of fact and of theory on the subject. 
He recalls that it was Traube, sp many of whose suggestions regarding the 
clinical pathology of the heart have borne valuable fruit, who in 1872 first 
devised the term and described the condition. The present insight into the 
subject of alternation, however, dates really from about 1900, when the studies 
of Mackenzie and Wenckebach began to enrich this field. The definition of 
the rhythm which Gravier adopts and from which there can be no substantial 
difference of opinion is that it represents a variation (an alternation) in the 
force of succeeding contractions without an alteration in their rhythm; equi- 
distance in time is maintained among succeeding beats. 

Gravier describes alternation depending on ventricular contraction, as mani- 
fested in cardiograms, in arteriograms, in phlebograms and in electrocardio- 
grams; alternation of auricular contractions is described from the same points 
of view. The theories which have been advanced to explain the occurrence 
of alternation are stated and minutely discussed. In the last section, the 
etiology, prognosis, and therapy are described. 

The relation of alternation of the heart to the electrocardiogram has a special 
interest. Alternation in the height of R- and T- waves have been described 
by numerous observers, but the question whether electrical alternation has the 
same significance as alternation in mechanical curves of arteriogram or cardio- 
gram, and whether the two run parallel, is still much discussed. Gravier, in 
reviewing the field, concludes that electrical alternation is often wanting when 
mechanical alternation is marked, and when present may be less marked than 
the mechanical. On the other hand, the electrical variety may exist without 
the mechanical, and in still other cases, when both appear, small mechanical 
waves correspond to tall electrical waves, and vice versa. But the important 
point seems to be that alternation depends for whatever prognostic value can 
be assigned to it, on the mechanical curve. So far as curves showing the elec- 
trical variety do not supply information of this order, mechanical ones must 
be made to provide it. 

Two main theories of alternation have been advanced, that of Wenckebach, 
who describes it as the occurrence of hyposystole affecting the ventricles as a 
whole; and that held among others by Hering and proposed by Gaskell, who 
believe it to depend on asystole of a portion of the ventricular wall. For its 
production the Wenckebach theory depends on the varying durations of systole 
and diastole, a long diastole being followed by a stronger contraction. The 
Gaskell-Hering theory, according to which it is believed that a portion of the 
ventricular muscle fails altogether to contract, depends on the idea that this 
portion continues in a refractory period when the rest of the ventricle is ready 
to beat, and a weak beat results. At the next contraction, all the muscle is 
again fit, and a strong beat is made. Gravier’s discussion of these theories 
is detailed and careful. It suffices to say that after weighing the evidence, he 
inclines to accept the partial asystole theory of Gaskell. As to whether the 
occurrence depends on one of the special functions, irritability, conductivity, 
or contractility, authors are divided, but most agree to its being associated with 
a defect in the last. Gravier prefers not to commit himself on this point, and 
thinks it sufficient to call it a “disorder of the refractory phase.” 
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The causes of the irregularity are found to lie in infections and cachexias 
and in the heart failure of the various cardiovascular diseases. As to the sig- 
nificance of its presence, one may say that in severe states of disease its pres- 
ence is not necessarily of evil omen, but indicates a situation the interpreta- 
tion of which demands caution. On the other hand, alternation may be absent, 
even in terminal conditions. 

This study of Gravier's deserves commendation on the grounds of thorough- 
ness, completeness, and thoughtfulness. It is written with the clearness and 
simplicity characteristic of French writing. 

The Life and Letters of Nathan Smith, M.B., M.D. By Emily A. Smith. 
With an Introduction by William H. Welch, M.D., LL.D., Price, $2.25. 

New Haven: University Press, 1914. 

This brief, clear and intimate study of one of the master minds of Ameri- 
can medicine is most timely. Our medical biography is meager; Nathan Smith 
is one of its most attractive subjects. We are rapidly obliterating some of 
his creations and our methods have been so changed that his struggles will 
become increasingly difficult for us to understand. The work is brief, like 
Smith’s own masterpiece, his work on typhoid fever. Documentary material 
was scanty, but fortunately it was telling, and the author had used it with 
conspicuous skill. There is in the first place the picture of the man, a heroic 
figure, like his younger contemporary Beaumont. His courage and resource- 
fulness, that were so often tried later, showed as a lad when, a militia soldier 
fighting Indians, he was made a captain at the age of 18. His relation to 
medical education, as student and teacher, illustrates some aspect of medical 
schools not only forgotten, but misunderstood. When he wished to study 
medicine there were only three schools in the young and sparsely settled coun- 
try, practically devoid of means of communication. The so-called colleges and 
universities neglected professional education as they did for a century after- 
ward. We can see the enthusiastic youth working hard to acquire a sufficient 
preliminary education to satisfy the man he had chosen as his preceptor. We 
have to imagine the toilsome three years of apprenticeship with the older man. 
Two years later the results of practice had lighted an unquenchable longing, 
to learn from others more fortunate, and a year at Harvard medical school, 
then at Cambridge, followed. Then came the burning desire to found a medi- 
cal school, not for a title, not for money, but in order to enable others to gain 
a knowledge of medicine under better conditions than he himself had had. 
The early struggles and disappointments at Dartmouth were probably not 
extraordinary, but there is something profoundly touching in the year of exile, 
away from his young wife, in Edinburgh and London. The beginning of the 
Dartmouth school and the labors there as a whole faculty, as well as physician, 
surgeon, obstetrician and specialist to the district, have been told by brilliant 
writers, but here one can learn from brief letters, as from the scanty strokes 
of a master etcher. We see also, besides the full and successful life, the mis- 
understandings, obstacles and regrets. How successful, appears from the fact 
that in a given period Dartmouth graduated nearly SO per cent, more phy- 
sicians than did Harvard. Then came the call to Yale, with honors, apprecia- 
tion, larger opportunities, and the same strenuous life. Later came work at 
Bowdoin, where he began the summer course, and at Vermont. The careers 
of the sons, one of whom became as famous as the father, are briefly set 
forth. The work makes it clear that the memorials of Nathan Smith should 
be treasured as those of Sydenham. His virtues may be emulated even in 
these days of specialization. His ‘‘keen discriminating inquisitiveness, ’ his 
unconquerable spirit in the face of difficulties — which indeed, he overcame 
without thinking about that feature, will always be necessary in the study 
and practice of medicine. The preface by Dr. Welch illuminates the period 
and the work itself. The typographic and other mechanical features 
attractive, and the little book should have many readers. 
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MALIGNANT SYMPATHICUS TUMOR OF THE RIGHT 

SUPRARENAL * 

DANIEL J. GLOMSET, M.D. 

DES MOINES, IOWA 

Through the work of A. Kohii/ WieseP and others, it is now defi- 
nitely known that the medullary portion of the suprarenals is of 
nervous origin. According to Wiesel, certain cells from the neural 
canal become the building cells of the sympathetic system, and from 
them arise either chromoblasts, which accumulate in the paraganglia 
or wander into the suprarenals and later give rise to the chromaffinic 
cells, or neurocytes, which later develop into ganglion cells. Held® 
states that these cells may also give rise to neuroglia. Now there have 
been observed tumors partly composed of ganglion cells and nerve 
fibers, and also new growths containing chromaffinic cells. But the 
most interesting of all these neurogenic tumors is a very malignant 
form which occurs apparently only in young children, and is most 
often found closely associated with the suprarenals. It has long been 
known that malignant tumors occur in young children in the region 
of the kidneys, but WrighP was the first to describe them accurately 
and to suggest their close relation to the sympathetic system. Lately 
Schilder,® Landau,® and Herxheimer'^ have reported cases of this 
nature and have discussed them at length. Since these rare new 

* Submitted for publication July 29, 1914. 

* From the Pathological Institute of the German University in Prague, 
Prof. A. Ghon, director. 
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growths present phases that are far from being understood at present, 
I wish* to report an interesting instance. 

REPORT OF CASE 

Clinical Diagnosis . — Sarcoma of kidney; peritonitis. . 

History . — The child, aged 2 years, entered the Kaiser Franz Josef Spital 
(Professor BayePs service), April 5, 1914, Avith the complaint that a swelling 
of the abdomen had been noted for four weeks. During that time there had 
been fever. The child had lost flesh, had been peevish, and toward the last 
had had frequent stools and urination. The father and mother are alive and 
well; two other children are alive and well, three are dead: one at the age of 
7 years, one at 8 months, one at 3 days. There had been no stillbirths. 

Physical Examination . — This reveals an undersized, anemic child with a 
hydrocephalic head. The thorax is normal in shape, and the thoracic organs 
are unchanged. The liver extends over two fingers’ breadths below the costal 
arch on the right side. The liver edge is somewhat irregular. The spleen is 
not palpable. No fluid can be demonstrated in the peritoneal cavity. There 
is a firm swelling in the right abdomen between the liver and the crest of 
the ilium. 

Operation . — The boy was operated on under ether anesthesia, April 10. 
A median abdominal incision was made, and a tumor the size of a child’s head 
was found occupying practically the entire right abdominal cavity below the 
liver. The diagnosis of inoperable sarcoma of the right kidney was made, a 
drain was inserted, and the wound closed. Death occurred April 18, 1914. 

Necropsy, eight hours after death (Dr. B. Roman), — ^The body is that of 
a male child, 88 cm. long, of slender physique and poorly developed musculature. 
The subcutaneous fat is sparse. The skin is brownish gray. Post-mortem 
rigidity is absent. The hair is thin and of a dark blond color.. The pupils 
are narrow, the left slightly wider than the right. The teeth are in good con- 
dition. The neck is narrow. The lower part of the thorax is Avidened on 
account of the distention of the abdomen. The abdomen protrudes, especially 
in the right hypogastrium. In the midline above the navel there is an oper- 
ation wound 10 cm. long, through the lower end of which a gauze drain pro- 
trudes. Only the right testicle is in the scrotum. The loAver extremities are 
slightly edematous. 

The skull is 51 cm. in circumference, and measures 17.5 by 11.3 by 0.2 cm. 
The sinuses of the dura contain liquid blood. The parietal bones on both 
sides are prominent. Their inner surfaces are smooth. The dura mater is 
adherent to the bones at the vertex of the brain. The leptomeninx is granular 
and rather moist. The brain weighs 1,370 gm. Its substance is pale and some- 
what moist. The ventricles are slightly enlarged. The ependyma is smooth. 
The hypophysis is slightly enlarged. The surface made by section is of normal 
color and configuration. 

The thyroid gland is someAvhat enlarged, yelloAvish in color, and of normal 
consistency. 

The submaxillary lymph-nodes are enlarged to the size of hazelnuts. Their 
cut surfaces show reddish and grayish mottlings. The cervical lymph-nodes 
on both sides are of pea size, of reddish-gray color, and rather soft. The lymph- 
nodes in the left angulus venosus are enlarged to the size of beans. ^ One of 
these contains a necrotic area 5 mm. in diameter. The others are similar to 
the cervical nodes. Those on the right side are unchanged. The peritracheal 
lymph-nodes are enlarged to the size of cherries. They are grayish red and 
succulent. The upper right tracheobronchial glands are enlarged, and one of 
them has a yelloAvish nodule at its upper pole. The left upper tracheobronchial 
nodes are like the paratracheal on this side. The loAver tracheobronchial nodes 
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have grown together to form a packet about the size of a small walnut. On 
the surface made by section these are seen to be composed of grayish-red 
nodules. The largest of these is 0.7 cm. in diameter. The bronchopulmonary 
lymph-nodes on the right side are about the size of hemp seeds. They are gray 
and succulent. The interlobar-pulmonary lymph-nodes on the right side are 
of pea size. Several of them have grayish nodules near their periphery. Their 
fellows on the left side are similar in size, but free from nodules. The retro- 
mediastinal lymph-nodes form a packet about the size of a date. Cross-section 
reveals necrotic yellowish-gray nodules, the largest being about the size of a pea. 

The thymus is bilobar; each lobe measures 2 by 1.6 cm., and extends from 
the lower pole of the thyroid gland to the base of the heart. 

The pericardial cavity contains a small amount of a clear serous fluid. The 
pericardium is smooth. The heart is slightly enlarged. The myocardium is 
fairly firm and of a grayish-brown color. The left ventricle is somewhat 
dilated. The valves are unchanged. The foramen ovale is patent. The intima 
of the aorta is smooth. 

The right pleural cavity contains a small amount of serofibrinous fluid. 
The right lung is free. The pleura on the base of this lung is covered with 
fibrinous exudate and contains a number of ecchymotic spots. The lung is 
rather bulky, and in the lower lobe its tissue is partly collapsed. The lung 
crepitates throughout. The upper lobe of the left lung is similar to that of 
the right, but the lower lobe does not crepitate and contains numerous pneu- 
monic foci. The pleura of this lung is smooth. A purulent fluid can be 
expressed from the smaller bronchi of this lung. 

The mucous membrane of the mouth is pale. The tonsils are the size of 
beans, and have enlarged lacunae. From one of these on the left side, pus is 
expressed. 

The mucous membrane of the pharynx and of the esophagus is pale. 

The peritoneal cavity contains about 100 c.c. of a purulent hemorrhagic fluid. 
The parietal and visceral peritoneum is covered with a purulent exudate. That 
part of it which covers the region around the hepatic flexure and the right 
kidney is very hemorrhagic. The loops of the small intestines are adherent 
to each other by a fibrinous exudate. 

From the region of the right kidney a rather firm tumor protrudes. This 
has pushed the hepatic flexure forward and upward, and the adherent 
loops of intestine upward and to the left. The mass extends about five 
fingers’ breadths under the costal arch. It is bounded above by the liver and 
the pyloric part of the stomach, below by the right anterior-superior spine of 
the ilium, and to the left by the spinal column. The tumor is a soft, grayish- 
brown spherical mass, measuring 9 cm. in diameter. It is surrounded by a 
rather thick connective tissue capsule, which is united to the upper pole of the 
right kidney. This mass with the adherent kidney occupies most of the space 
of the right half of the abdominal cavity. The cut section of the tumor is 
mottled, consisting of grayish-yellow, grayish-red, and dark red areas. The 
right kidney is markedly compressed from above, downward and inward, by 
the tumor. The right suprarenal cannot be found; it is apparently included in 
the mass. > 

The spleen measures 8 by 7 cm. At its upper pole it is covered by a fibrinous 
exudate. The surface made by section is grayish red. The follicles are not 
visible. 

The stomach contains a moderate amount of a grayish semiliquid. The 
mucosa of the stomach is pale and partially softened. The duodenum and bile 
passages are unchanged. 

The pancreas is somewhat compressed by the tumor mass. At the end of 
the pancreatic tail, there is an accessory spleen of about the size of a cherry. 

The abdominal aorta is markedly compressed by the greatly enlarged peri- 
aortic lymph-nodes. They also compress the lumen of the vena cava to about 
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half^ its normal size. The nodes are closely connected to the tumor by con- 
nective fibers and are diffusely infiltrated by the tumor tissue. Similar glands 
surround and compress the left renal vessels. The lymph-nodes around the 
head of the pancreas are enlarged to the size of beans, and are grayish and 
succulent. So, also, are the paragastric lymph-nodes, and the nodes in the hilum 
of the liver. 

The liver extends a hand’s breadth below the costal arch. The right lobe 
of the liver^ is flattened out and compressed by the new growth. The tumor 
adheres to it. The capsule of the liver is partially. covered with a fibrinous 
exudate. Numerous tumor masses of various sizes are seen in the liver 
parenchyma. Some of the external nodules have depressed centers. The 
remaining liver tissue is pale gray. The lobular markings are fairly distinct. 

The left suprarenal is slightly enlarged and flat, and the medullary sub- 
stance is markedly diminished in amount. 

The left kidney measures 7 by 4.5 cm. Its capsule strips easily. Its surface 
is smooth. The pelvis and the ureter of this kidney are unchanged. 

The mucous membrane of the urinary bladder contains numerous pin-point 
sized hemorrhages near the fundus. The urethra is unchanged. The testicles 
are small. The rectum is practically empty. The external genitalia are 
unchanged. 

The mesenteric lymph-nodes are moderately enlarged, the largest being 
bean-sized. These are grayish-red to red in color. 

The rest of the alimentary tract is unchanged. 

In the body of the fourth thoracic vertebra there is an indefinitely outlined 
grayish nodule about the size of a pea. A similar, but smaller, nodule sur- 
rounded by a hemorrhagic zone occurs in the fifth thoracic vertebra. 

The medullary substance of the left femur is dark red with yellowish-red 
mottlings. In the region of the proximal epiphysis occurs a hemorrhagic area, 
about 1 cm. in diameter, which at this place fills the entire medullary cavity. 
The medullary substance of the right femur is similar to that of its fellow, 
except that the former is more mottled. In the medullary substance of the right 
tibia, there occurs a grayish nodule the size of a hemp seed. There is a similar 
nodule in the medullary substance of the right ulna. The medullary substance 
of the left tibia, right fibula and left ulna are slightly mottled. That of the left 
fibula is unchanged. 

In one of the left ribs there occurs a soft grayish-yellow nodule about 
1.5 cm. in length. This entirely fills the medullary cavity of the bone. 

Bacteriologic Examination . — From the peritoneal exudate, Staphylococcus 
albus was obtained in pure culture. 

Anatomical Diagnosis . — ^Fresh laparotomy wound with partial healing. Gen- 
^ eral, acute, seropurulent peritonitis. Serofibrinous pleurisy, right. Malignant 
* tumor of right suprarenal ( ?) with compression and displacement of kidney 
and displacement of hepatic flexure. Metastases in the retroperitoneal lymph- 
nodes with compression and partial stenosis of the vena cava; in the retro- 
mediastinal; the right bronchopulmonary, the right lower tracheobronchial, and 
the left supraclavicular lymph-nodes ; in the liver, the thoracic vertebra, and 
> in numerous long bones. Slight hydrothorax with anasarca. Lobular pneumo- 
nia of the lower lobe of the left lung. Parenchymatous degeneration of liver, 
kidneys and of the heart muscle, with slight dilatation of the left ventricle. 
Catarrhal bronchitis. Old lacunar angina. Slight hydrocephalus. Patent fora- 
men ovale. 

Microscopical Examination.— Technic: The specimens were hardened in 
formaldehyd and Zenker’s fluid, and embedded in paraffin and celloidin. Frozen 
sections were cut for Bielschowski’s stain. The stains employed were r hemalum 
and eosin ; iron hematoxylin; Van Gieson’s. stain; Mallory s connective tissue 
and neuroglia stains ; Wiegert’s neuroglia stain and also Alzheimer s stain for 
ameboid neuroglia stain ; and finally Bielschowski’s stain for nerve fibers. 
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The largest tumor is surrounded by a rather thick connective-tissue cap- 
sule from which trabeculae extend inward to form the framework of the new 
growth. On the inner surface of the capsule, there occur numerous remnants 
of the suprarenal cortex. In places these cells extend in narrow columns 
between the connective tissue fibers of the capsule; in other parts they form 
distinct nodules, which, in turn, are invaded by the tumor tissue. Most of the 
cortical cells are atrophic and degenerated. The posterior part of the capsule 
is free from these cells. 



Fig- 1- — Photograph of main tumor and the neighboring organs. The tumor 
has been cut into halves and the surface made by section shows large areas of 
necrosis and numerous hemorrhages. The right kidney is compressed by the 
new growth. The liver is seen studded with tumor nodules. 

The great bulk of the new growth itself is composed of cells averaging “ 
8.5 microns in diameter. The individual cells are arranged either concentrically 
around fibrillar centers, or occur diffusely scattered. The concentrically arranged 
cells, termed by Kiister® rosettes, form a conspicuous part of the tumor. The 
rosettes are round to oval, measuring from 26 to 54 microns in one diameter, 
and from 51 to 79 microns in the other diameter. Their periphery is formed 
of from twenty to thirty individual cells, which are usually arranged in a single 
layer. At times a more or less complete double layer is observed. 

8. Kiister, H. : Ueber Gliome der Nebennieren, Virchows Arch. f. path. Anat, 
1905, clxxx, 117. 
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The nuclei of these cells are slightly oval or round; and, measure, iti; most 
cases, from 5 to 9 microns. They are rich in chromatin "and have a distinct 
nuclear membrane. The smaller the nucleus, the richer it appears to be in 
chromatin; thus, the few nuclei present which are less than 5 microns stain 
very heavily, and the largest have a vesicular appearance. Mitotic figures 
rarely occur among the cells in the rosettes. The cytoplasm surrounds the 
nucleus as a delicate, thin zone, massed at the centrally directed end of the 
cell so as to form a sort of short stalk from which one or more fibrillae run 
to lose themselves in the central fibrillar structure of the rosette. The entire 
central structure is thus formed by these fibrils. Smaller cytoplasmic projec- 
tions extend in other directions from each cell. In certain fields the fibrillar 
structure is especially marked, each cell sending out from one to eight fibrillae, 
which form a network. Nowhere in any section is there any tendency of the 
fibrillae to form parallel bundles. In certain portions of the tumors where 
rosettes are practically absent, the cells are closely packed and few fibrillae 
are seen. The nuclei of these cells are all more or less oval, and mitotic figures 
are more frequent than among the cells forming rosettes. 

Throughout the tumor, large, oval nuclei, poor in chromatin, occur singly 
or piled one against the other forming clumps. These clumps consist of from 
three to ten nuclei, measuring 9 to 12 microns in diameter, and, where the 
tumor cells are diffuse, they are apparently without any cytoplasm. In most 
instances, however, these nuclei are connected with an undivided smaller or 
larger portion of cytoplasm, in which the nuclei sometimes lie near one end, 
thus simulating giant cells (Fig. 3). Structures of this kind are most numer- 
ous where the connective tissue is well developed, or just underneath the 
capsule where this contains remnants of the suprarenal cortex. Here these 
multinucleated structures form a large part of the tumor. In some places, the 
nuclei form a round ring about a center of undivided protoplasm. In other 
parts, groups of these large nuclei occur at the two poles of cytoplasmic masses. 
In still other places, one finds large areas of multinucleated cytoplasm, part 
of which is fibrillar, part homogeneous ; and, also, an occasional small heavily 
stained nucleus definitely connected to the syncytium by fibrillae running 
directly into the undivided cytoplasm. There also occur two other structures 
among or near connective-tissue trabeculae and near the capsule of the tumor. 
One of these is a distinct type of large, often multinucleated cell in which the 
cytoplasm is abundant, and either round, unipolar, or multipolar. The nuclei 
are also rather large and have a distinct nuclear membrane and a large nucleolus. 
These cells are not numerous, are scattered, and show, in every. case, distinct 
evidences of degeneration. Wherever these cells occur there are also found 
oval or round, hyaline bodies, measuring from IS to 20 microns in diameter, 
lying among the connective tissue. These do not take the stain of corpora 
amylacea. The smaller tumor cells do occur in scattered heaps among these 
structures, but the syncytial tissue, the large polar cells, as well as the hyaline 
bodies, are absent in actively growing portions of the tumor. 

The fibrillae in the center of the rosettes stain red with eosin, -yellow 
with Van Gieson, but do not stain at all with Mallory's connective tissue stain. 
With Mallory's neuroglia stain most of the fibrillae take a light blue color ; but 
a few wiry fibrillae, both within the rosettes and outside, stain a heavy blue. 
Wiegert's neuroglia stain gives a negative result. Alzheimer's stain for ameboid 
glia cells stains cytoplasm and fibrillae, as well as almost everything else, blue. 
With Bielschowski’s stain the center of the rosettes takes a- brownish tinge, 
but repeated attempts failed to demonstrate any fibrillae which stain black. On 
the other hand a few distinctly black, rather thick fibers occurred near the large 
ganglion cells. 

The connective tissue is scant in certain places throughout the tumor , in 
other places it forms over half of the substance. Between these two extremes 
variations occur. Where the ‘trabeculae arc thick, hyaline degeneration is 
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marked. Throughout the capsule, groups of tumor cells are abundant. They 
are seen forcing their way, as it were, between the bundles of supporting tissue. 
The vessels of the capsule are in many places crowded with cells from the new 
growth. 

The blood-vessels enter the tumor through the trabeculae. They are abund- 
ant in places ; in other portions they are not frequent ; in all parts they are thin- 
walled and have wide lumina. Arteries cannot be recognized. The blood con- 
tains an unusually large proportion of polynuclear leukocytes. Smaller and 
larger hemorrhages are noted throughout, but in greatest abundance in what 
appears to be the older parts of the tumor. Some of them arc recent; others 
seem old; a few are calcified. Frequently, the hemorrhages are associated with 
the areas of necrosis of the tumor cells. Such areas are also rather numerous 
so that some sections are composed almost entirely of necrotic cells. Then 



Fig. 2. — Photomicrograph (retouched, X 25) of area from main tumor. The 
rosettes are very abundant, and the blood-vessels have wide lumina. 

again, thej’- are practically absent in others. All stages, from degenerated, 
poorly staining cells to complete coagulation necrosis and even calcification, 
occur. 

The microscopic structure of the large nodules and of two of the smaller 
ones lying next to the main tumor is very similar to that described. The con- 
nective tissue is rather abundant, and among the connective tissue fibers are 
seen degenerated ganglion cells, and also single or grouped polygonal cells with 
large nuclei — evidently chromaffinic cells. Rosettes are in some parts abund- 
ant. In the smallest of the three nodules, the cells are in general diffusely 
arranged, and mitotic figures are abundant. In certain fields of the large 
nodules, the fibrillae are numerous. Hemorrhages are frequent in all three. 
Large portions of the nodules are necrotic. Tumor cells occur in the lumina 
of many of the blood-vessels. 
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The remaining nodules in the abdomen are infiltrated lymph-nodes. Ganglion 
and chromaffinic cells are absent, the nodules being composed entirely of 
well-preserved or necrotic tumor cells. In these nodules, many lymph-vessels 
are filled with tumor cells. 

The right lobe of the liver is markedly infiltrated with cells from the new 
growth. In the extreme right edge of the liver, necrosis is prominent among 
the tumor cells, but nearer the left lobe nodules of various sizes occur, which 
afford an interesting picture (Fig. 4). In these smaller nodules, the liver cells 
in places have been totally destroyed, so that only an occasional bile-duct is 
seen. Toward the periphery occur atrophic columns of liver cells, forming a 
sort of scaffold for the proliferating tumor cells. Rosettes are abundant and 
similar in size and structure to those already described except that a larger 
number of them have a double row of cells. Mitotic figures are rather fre- 
quent even among the nuclei of the rosette cells, and are very abundant in the 
cells outside the rosettes. The nuclei are somewhat irregular in size. The small, 
heavily stained ones are numerous, and many large (10 microns), round vesic- 
ular nuclei also occur. Here, as in the rest of the metastases, clumps of large, 
oval nuclei are scattered among the rosettes. Gland-like arrangements occur 
in some places. At the periphery of the nodules the tumor cells extend through 
the liver sinusoids. These are crowded with cells, and cell division is frequent. 
Thrombi consisting of tumor cells also occur in the portal veins. Along the 
periphery of the liver, just under and in the capsule, there is a practically con- 
tinuous zone of tumor cells. About half of these are of the smallest variety 
described. The rest of the liver cells show a marked degree of parenchymatous 
degeneration. 

The enlarged glands in the mediastinum and those around the trachea and 
bronchi all show metastatic nodules, but most of them are very necrotic. In 
these glands, rosettes and fibrillae are comparatively few. 

Practically all of the long bones of the body show tumor metastases in the 
medullary substance. The structure is characteristic; hemorrhages occur, the 
fibrillae are exceedingly well developed, and the rosettes are abundant (Fig. 5). 
Here as in the other metastases, ganglion and chromaffinic cells are absent. 

The lungs are free from metastases. The rest of the organs show no inter- 
esting changes. 

COMMENT 

The striking features of this new growth then are several. In the 
first place, it has all the earmarks of a malignant growth ; for, on the 
one hand, its growth is infiltrative, as shown by the invasion of the 
suprarenal cortex by the tumor cells, by the cells breaking through the 
capsule and then forming nodules outside of it, and by the infiltration 
of the connective tissue of the liver. This infiltrative nature is distinct,- 
but not so pronounced as in certain other tumors. Thus, it seems to 
have a certain respect for the organs, since nowhere have the tumor 
cells invaded the compressed kidney or any of the large blood-vessels 
whose lumina it had narrowed by its expansive growth. This respect 
for organs on the part of the tumor cells has been observed in other 
cases of this type. Both Landau and Herxheimer have called attention 
to it. On the other hand, true metastases occur. Pick and Biel- 
schowski® have suggested a multiple origin for new growths of this 

9. Pick, L., and Bielschowski : Ztschr. f. d. ges. Neurol, u. Psychiat., 1911, 
vi. No. 4. 
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type. There can be no question but that the growths in the lymph- 
nodes and other organs, in this case, are secondary. Since the tumor 
cells are observed in numerous places both in the blood- and the lymph- 
vessels, it is evident that the elements of the new growth were dis- 
tributed by means of both these channels. The tumor cells must first 
have reached the neighboring lymph-nodes, since the nodules here are 
the largest and show the most extensive necrotic areas. From these 
nodes the cells reached the main lymph trunks of the abdomen and 
extended upward, producing metastases in the nodules in the hepatic 
hilum, and from there entered the liver. It is also evident that the 



Fig-. 3. — Photomicrograph (retouched, X 370) of area near capsule of the 
main tumor, showing multinucleated masses of cytoplasm and degenerated 
ganglia cells. 

liver received implantations through the blood-stream. Following the 
lymph-stream further we see that the malignant cells involved the 
glands in the mediastinum, those around the bronchi and those in the 
neck. The cells, then, reached the venous circulation, first through 
invading the vessels of the new growth; second, by the thoracic duct, 
and thirdly, through the hepatic veins ; thus, eventually, tumor cells 
must have reached the lung in numbers. A careful search of both lungs 
failed to reveal any nodules, yet the cells must have passed through the 
lung capillaries to reach the arterial blood in order to produce metas- 
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tases in the bones, for the multiple metastases in the various bones can 
be explained in no other way. Just why the bones alone should be 
involved cannot be accounted for. To-day, we only know that -certain 
malignant tumors, such as neuroglioma of the retina, carcinoma, of the 
prostate and of the thyroid, have a certain affinity for bone. ..The 
future must explain why. The most marked metastases occur in:the 
liver. This is the organ most frequently involved in these cases; 
indeed, in some of the cases reported, the liver is practically the only 
organ containing metastases. Herxheimer believes • that the reason 
lies in the fact that the liver forms a good medium for the new growth. 
It is also reasonable to suppose that it receives the greatest number of 
implantations. The bone metastases are interesting, in the first place, 
because of the general involvement of the long bones, and, in the second 
place, because of the beautiful rosette formation and fibrillae ifi these 
metastases. Bone metastases have been observed in less than one-half 
the cases reported. The statement is made by Landau and others that 
the growth in bone cannot be recognized as sympathicus tumor, In 
our case, this is certainly not true, as the growth could not be mistaken 
for anything else. Because of the fact that the tumor tissue is difficult 
to recognize macroscopically, and,- also, because the bone-marrow is 
rarely examined as a routine, I am inclined to believe that metastases 
may be more frequent than reports would indicate. 

In the second place, this type of new growth apparently occurs 
only in young children, and most of the reported cases have been in 
very young children. Indeed, if we except certain dubious tumors, 
such as the second case of Kiister, and two of Wright’s cases, the 
oldest case reported is in a child of 7. Among the twenty-eight cases, 
reports of which were collected by Herxheimer, twenty were less than 
1 year, and twelve had not reached the age of 3 months; so .that the 
case here reported must be considered as occurring ill an unusually old 
child. The early occurrence of these tumors is of course very strong 
evidence for their congenital origin. 

The third peculiarity of this tumor is its location. There can be 
no reasonable doubt as to the origin of the tumor in this case. Its 
location and the fact that in the capsule, as well as in the substance of 
the tumor, practically the entire cortex of the right adrenal was found, 
and also that throughout the tumor nervous remnants of the medulla 
occurred, show it to have sprung from the medullary substance of the 
suprarenal. Most of the tumors of this type have Lad their origins in 
the medulla of one of the suprarenals or have sprung from the sym- 
pathetic system near the kidneys. And every one has originated in 
some part of the sympathetic system. The fact that tumors so fre- 
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quently occur in the suprarenals must be borne in mind by the clinician 
in the differential diagnosis in this part of the body in the young. 

Finally, this tumor has a structure which distinguishes it rather 
sharply from the other known types of malignant tumors. The rosette 
that forms such a conspicuous part of the cellular structure of this 
tumor is probably not .identical with any other structure known. These 
are present in greater or smaller number in practically all tumors of 
this kind, and the fibrillar substance between the diffusely arranged 
cells is always present in greater or smaller amount. 

The other features of this case, such as the frequent hemorrhages, 
the large areas of necrosis and the wide blood-vessels with exceedingly 



Fig. 4 . — Photomicrograph (retouched, X 75) from small nodule in liver. 
The fibrillae of the rosettes stand out prominently. 

frail walls, have been observed in all the other tumors of this type. 
The microchemical peculiarities, which make the fibrillae stain yellow 
with Van Gieson and make them fail entirely to react with the con- 
nective tissue stain, are also noteworthy. Therefore, the location of the 
tumor, its structure and the staining reaction of the fibrillae make it 
certain that the tumor cannot be classed either among the sarcomas or 
the ordinary carcinomas. Nor does it belong to the new growth of 
lymphatic tissues, the lymphosarcoma, which it simulates macroscopi- 
cally, but must arise from neurodermal cells. 

All present-day writers agree that these tumors are nervous in 
origin, but as to the particular nervous element from which they 
spring, there exist two opinions. One group believes that these tumors 
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are composed of so-called building cells of the sympathetic system and 
that the fibrillation observed is an attempt toward differentiation into 
nerve fibers. In other words, the tumors are what Herxheimer calls 
neuroblastomas. The other group holds the tumors to be malignant 
gliomas. Both these views are based, of course, on the resemblance 
which the various observers see between the elements of these new 
growths and the normal cells. In order to make the relation of these 
growths to the nervous elements more clear, a brief statement of the 
normal development of the sympathetic and the chromaffinic system 
is offered. 

Kohn, Wiesel, Held^° and others have shown that certain cells 
from the neural canal become the mother cells of both the sympathetic 
and the chromaffinic systems. Wiesel holds that some of these build- 
ing cells wander into the suprarenals to form the medulla, and that 
these cells (for the most part) give rise to chromaffinic cells, but that 
from them also spring the ganglion cells and other nervous elements 
of this organ. But ZuckerkandP^ holds that the cells which wander 
into the adrenal cortex later develop only into chromaffinic cells, or, at 
least only in exceptional cases, give rise to other nervous elements. 
Held has further shown that, as a first step in differentiation, the 
sympathetic neurocyte undergoes a fibrillation of its cytoplasm. 
Finally, Held has shown that glia cells also occur in the sympathetic 
.system, and that this glia tissue differentiates from heaps of large oval 
nuclei lying in undifferentiated cytoplasm — a true syncytium. It is also 
to be borne in mind that Kohn has shown that young chromaffinic 
cells occur in two forms, as a syncytium and as heaps of cells, and 
that in man the syncytial form predominates, but that the clumps also 
are found. 

Based on this somewhat conflicting knowledge of the embryonal 
development of the sympathetic system, Wright, Landau, Herxheimer 
and Martius^^ hold that this type of tumor comes from sympathetic 
formative cells, and that its cells have a tendency to develop into true 
nerve cells. The reasons they give for their position are positive as 
well as negative. In the first place, Wright sees a striking similarity 
between groups of tumor cells and those of the sympathetic nerve cells 
in young children. He also finds bundles of fibrillae running parallel 
to each other in the tumor in very much the same way that the nerve 

10. Held, H.: Die Entwicklung des Nervengewebes bei den Wirbeltieren, 

Leipsic, p. 378. „ . , , , • v.. 

11. Zuckerkandl, E.: ;Keibel-Mall, Handbuch der Entwicklungsgeschichte 

des Menschen, Leipsic, 1910, xi, 157. , , 

12. Martins, K.: Maligner Sympathoblastoma des Halssympathikus, brankt. 

Ztschr. f. Pathol., 1913, xii, 442. 
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fibers do in the young ganglia. Then, he fails to stain the fibrillae 
with Mallory’s neuroglia stain, 

Landau has also observed the parallel arrangement of the fibrillae. 
He further adds that the cells of the new growth are capable of dif- 
ferentiating into higher nervous elements, so that the older the indi- 
vidual, the more differentiated the cells. Thus, ganglion and glia, 
as well as chromaffinic cells, may appear in this type of tumor when 
older children are affected. Martins supports Landau’s theory by 
a case of a tumor from the cervical sympathetic in a 2^-year-old 
child, in whom well-developed ganglion cells occurred. At first glance, 
it may seem as though our tumor also lends proof to Landau's conten- 
tion. But the nervous and the chromaffinic elements found in this 



Fig. 5. — Photomicrograph (retouched, X SO) from metastasis in one of the 
long bones. 

case probably do not belong to the blastoma, since they occur only 
where such tissue normally are found, and in normal amount without 
sign of proliferation, but rather of marked degeneration. Landau 
admits the possibility that these tumors may contain neuroglia cells, 
but does not believe in their gliomatous nature, because the fibrillae do 
not take the glia stains, because glia cells are higher differentiation 
products and because the rosettes are widely different from the glia 
rosettes. 

Herxheimer supports the arguments advanced by Wright and 
Landau. He applied the Bielschowski stain and found that the fibrillae 
stained black. This he considers conclusive proof that the tumor is 
a neurocytoma. 
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The evidence cited is not invulnerable. Thus Wiesel’s conclusion 
that the formative cells of the sympathicus enter the suprarenals is 
not accepted by all. The similarity between the tumor cells and the 
young sympathetic ganglia, emphasized by Wright, does not appear 
striking to me. And it is curious to note that the arrangement of the 
fibrillae into parallel bundles, noted by Wright and made much of by 
Landau and Herxheimer, occurred most strikingly in the case of 
Wright which both Landau and Herxheimer agree does not belong 
to this type of new growth. It may also be questioned whether the 
similarity between the fibrillation occurring in sympathetic neurocytes 
as seen by Held, and the fibrillae of these new growths, should warrant 
the emphasis laid on it by some. Herxheimer admits that both con- 
nective-tissue fibers and nerve fibers stain with Bielschowski. It must 
also be borne in mind that the section stained is from the medulla of 
the suprarenal where nerve fibers normally are abundant. He failed 
to find any nerve fibers in the other metastases. In the case here 
reported, repeated attempts with Bielschowski stain failed to stain any 
of the fibrillae black. 

Those who consider these tumors malignant gliomas include Vir- 
chow,^^ Kuster, Lapointe and Lacene^'^ and Schilder. They are less 
certain in their assertions. Thus, Virchow speaks of the tumors as 
glia-like, and Kuster states that, since they are more like gliomas than 
any other tumor, he ventures the name “malignant glioma.” The main 
points on which this view is based are, first, that the tumor cells are 
strikingly like neuroglia cells, and second, that the interlacing fibrillar 
network in this type of tumor cannot be distinguished from such net- 
work found in gliomas. Neither of these points can be gainsaid. These 
authors also assert that rosettes occur in gliomas. It is true that most 
of the glia rosettes are not identical with the structures here known 
as glia balls, spheres or rosettes. Landau’s statement that these could 
not possibly be mistaken for glia rosettes is too strong, for there does 
occur in the tumors, known as neurogliomas of the retina, rosettes very 
similar to these. 

Schilder rightly calls attention to the fact that unripe glia fibrillae 
do not take the specific stain for neuroglia ; thus, tumors undisputably 
neurogliomas often fail to take the glia stains. Besides, Weigert’s stain 
is notoriously uncertain even for normal glia fibrillae. In this case, 
some of the fibrillae in most of the rosettes stained deeply with 
Mallory’s neuroglia stain. 

In conclusion, I wish to call attention to the many similarities 
between this type of new growth and the neuro-epitheliomas or neuro- 

13. Virchow, R. : Die krankhaften Geschwiilste, 1864, ii, ISO. . . 

14. Lacene, cited by Landau (Footnote 6). . , 
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gliomas of the retina. Both types occur in the young; both are com- 
posed of cells with chromatin-rich nuclei and fibrillar cytoplasm; both 
have rosettes ; both are malignant with tendency toward multiple bone 
metastases. 

It does not seem to me that we have at the present time evidence 
enough to place this new growth either among the neurocytomas or the 
neurogliomas. The matter of classification is of minor importance. 
Certain it is that we are here dealing with a malignant sympathicus 
tumor. 

1157 Fourteenth Street Place. 
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III. THE NON-PROTEIN NITROGEN OF BLOOD * 

NELLIS B. FOSTER, M.D. 

NEW YORK 

The nitrogen-containing crystalloids of blood have interested 
physiologists and clinicians for almost a century and in some respects 
the questions at issue are but little clearer to-day than in the time of 
Bright. Methods of research have changed and the data secured are 
more accurate, but it is remarkable in reviewing the literature that 
many of the conclusions of the later investigations are a simple 
rewording of the earlier. The facts have, however, been amplified 
and our knowledge made more complete without as yet any unaminity 
of opinion as to the significance of these facts. The amount of data 
at our disposal now is not inconsiderable and it may not be a useless 
task in the beginning to survey this field. 

Urea was first detected in the urine (matiere savonneuse), by 
Rouelle, Jr., in 1773, and in 1821 Prevost and Dumas observed an 
accumulation of urea in the blood of dogs following extirpation of the 
kidneys. It was this latter observation particularly which led Bright’s 
assistants Prout, Babbington and Christison,^ to analyze the blood of 
nephritic patients. From the fact of finding urea in the blood of 
patients with severe nephritis the name of the syndrome, uremia, took 
origin. It was not learned till some time later that urea is only slightly 
toxic. Investigations bearing on the urea content of blood were taken 
up by German and French clinicians and quantitative determinations 
attempted. Babbington and Christison had made some estimations of 
the amount of urea in body fluids. Their method was to desiccate the 
blood or fluid and then reduce the dry residue to a fine powder which 
was repeatedly extracted with alcohol. From the alcohol extract, on 
addition of nitric acid, crystals of ureanitrate separated out and were 
collected and weighed. By this method 15 grains of urea were recov- 
ered from 1,000 grains of blood. Urea was also found in the fluid 
of the ventricles of the brain. Picard," also using alcohol as a specific 
urea solvent, investigated the relation that the amount of blood-urea 
bears to the taking of food. Estimating the urea by Liebig s titration 

* From the Department of Medicine, Cornell University, and the First Medi- 
cal Division, New York Hospital. 

1. Bright: Guys Hosp. Rep., 1836, 1, 339. 

2. Pickard: These de Strassburg, 1856. 
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Coagulation by means of alcohol is one of the oldest methods and 
is still used. When one volume of blood is added to from eight to ten 
volumes of 95 per cent, alcohol the filtrate contains no protein. Alcohol 
is, however, an excellent solvent for lipoids; of these in the blood 
some, for example, lecithin, contain nitrogen. Determinations by this 
method also run slightly higher than they should and actually higher 
than the control determinations by colloidal methods. Either ethyl or 
methyl alcohol may be employed. 

Hohlweg and Meyer devised a method wherein the diluted blood 
is made acid with dilute acetic acid and 5 per cent, solution of diacid- 
potassium phosphate and then half saturated with sodium chlorid. 
The method works well so far as biuret tests indicate freedom from 
protein. 

Colloidal precipitating agents have, come into extensive use in 
biological chemistry and the application of these methods has over- 
come one of the chief difficulties in the determination of sugar in 
blood.* For their use in nitrogen precipitations the chief inconveni- 
ence is that the blood or serum must be much diluted, which gives 
too large a filtrate volume for convenience in routine work. When, 
however, nitrogen partitions are being carried out with the filtrate, 
the volume is not an obstacle. It is possible that of some nitrogen- 
containing substances found ii\ blood a small part may be adsorbed 
in the coagulum. There is no clear-cut evidence for this, however, 
as the values for total nitrogen check well with other methods. In 
practice two substances may be employed as precipitating agents, 
kaolin and dialyzed iron (Ferrum oxidum dialyzatum). Kaolin may 
be used Avith serum, but does not work well when hemoglobin is pres- 
ent; with whole blood it is necessary to resort to iron. The blood is 
diluted, one part to twenty of Avater ; of a 10 per cent, solution of the 
iron there is added 2 to 3 c.c. for each c.c. of blood used, shaking con- 
stantly. The flask is allowed to stand half an hour then some elec- 
trolyte added — a gram of sodium sulphate. The volume is made up 
to mark, let stand an hour and then filtered. 

For routine work a convenient method is the use of uranium 
acetate. The serum is diluted three times with Avater and an equal 
volume of 1.5 per cent, uranium acetate added. A water clear filtrate 
results, free of protein. In the dilutions employed uranium pre- 
cipitates none of the crystalloids of blood.® 

The method of determining the total nitrogen generally employed 
is the Kjeldahl. For urea Benedict’s procedure, or Van Slyke’s urease 
method, is most convenient, and gives dependable results. The various 

4. Rona and Michaelis : Biochem. Ztschr., 1908, vii, 329; viii, 121. 

5. Aszacki : Zentralbl. f. inn. Med., 1912, xlvii, 1166. 
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hypobromite methods still used by some French clinicians are wholly 
untrustworthy. 

The non-protein nitrogen, or as it has been variously called, 
“filtrate” nitrogen, “rest” nitrogen, is a sum of several fractions, not 
all of which have been identified. As some of these substances may 
be increased in specific diseases without materially affecting the total 
(since nitrogen is but one element in the substance), our theme may 
be considered from several points of view. For example, in relation 
to uric acid, an uricemia has been noted quite uniformly in gout, 
pneumonia, leukemia, and with some cases of nephritis; and with all 
of these there is not necessarily a significant rise of the total non- 
protein nitrogen above normal, although this may occur in some 
instances. Likewise considerable rise in the values for ammonia- 
nitrogen may occur without appreciably influencing the total. From 
this it is evident that investigations may not be confined to total nitro- 
gen but must include a consideration of the integral factors com- 
posing the non-protein nitrogen of blood. 

With normal men the total non-protein nitrogen appears never to 
rise much over 40 mg. ; or to fall much below 20 mg. per one hundred 
c.c. of blood, and the largest part of this is urea-nitrogen which fluctu- 
ates enormously. The extremes in my determinations are 92 and 
46 per cent, urea-nitrogen for men apparently normal; more com- 
monly 60 to 70 per cent. In order to avoid the influence of ingested 
proteins it has been my practice to take the blood in the morning 
between 10 and 11 o’clock, the hospital breakfasts containing but little 
protein. 

Appreciable increases in the non-protein nitrogen in the blood have 
been observed in a number of different diseases besides nephritis. 
The rise accompanying cholera can possibly be explained in part as a 
result of the oligemia which is conspicuous in both the Asiatic and 
nostras types, and with the former there is frequently a complicating 
nephritis demonstrable at autopsy. With pneumonia an increase in 
the non-protein nitrogen has been in my experience exceptional and 
associated only with marked evidence of circulatory disturbance. 
Herter observed an increased urea content in the blood of some 
patients with pneumonia and suggested that all such cases be com- 
prised under the term “uremia.” The conspicuous cardiac disturbance 
with those cases of pneumonia in which the filtrate nitrogen was found 
abnormal, seemed possibly to explain the accumulation on a circulatory 
basis and led me to an investigation of some cases of pure decompensa- 
tion due to valvular disease. In selecting cases for this series only 
young individuals were utilized. Of the series here reported the ages 
ran between 18 and 26 years. It was attempted further to exclude 



360 


THE ARCHIVES OF INTERNAL MEDICINE 


those cases in which an antedating disease such as scarlet fever would 
lend an etiological basis for a persistent renal change. The cases in 
this series all presented extreme degrees of decompensation when they 
were admitted to the hospital ; cyanosis, dyspnea, edema, hydrothorax, 
congested and often pulsating livers, oliguria. An initial albuminuria 
usually subsided or vanished when the cardiac condition improved. 
It has usually been stated that broken compensation, unassociated with 
renal change, does not occasion an increase in the non-protein nitrogen 
of the blood, and with the lesser degrees of circulatory embarrassment 
the facts do not run counter to theory. But with the severest mani- 
festations of this disorder it would be difficult to understand how those 
conditions which bring about in some cases almost or complete anuria 
should not also lead to a heaping up in the blood-stream of the 
materials excreted normally through the kidney. There is also with 
these cases an increased katabolism coincident with the fever which is 
almost invariably present. 


TABLE 1. — Non-Puotein Nitrogen Findings in Circulatory Disturbances 

NOT NEPHRITIC 


Diagnosis 

1. Cardiac, valvular 

2. Cardiac, mitral stenosis 

3. Cardiac, aortic insufficiency 

4. Cardiac, aortic insufficiency 

5. Cardiac, mitral stenosis ; cerebral embolism . . , . 

6. Cardiac, mitral and tricuspid 

7. Cardiac, mitral and tricuspid 

8. Cardiac, aortic 

t Necropsy. 


Non-Protein N. 
40 
59 1 
61 1 
47 
53 ■ 

73 1 
85 
90 1 
43 


The cases reported in Table 1 suggest, at least, that an increase in 
the filtrate nitrogen can be a result of purely circulatory disturbances. 
In but four of these cases was the absence of a nephritis confirmed 
by necropsy. The kidneys in these instances presented the typical 
picture of cyanotic induration. The cell infiltration was relatively 
slight and the epithelial change just apparent. The average non- 
protein nitrogen in the cases reported is 61 mg. per hundred c.c. of 
blood with 40 mg. and 90 mg. as the extremes. 

If these results can be confirmed by other students of these dis- 
eases the fact involved is important as indicating the part played by the 
circulation in a picture already recognized as composite. It also has 
relations to diagnosis. 

The significance of the non-protein nitrogen in renal diseases may 
be considered from a number of aspects j concerning its bearing on 
diagnosis and prognosis much has already been written and too often 
not in a judicial tone. The relation to anatomical and physiological 
conditions -has been less considered primarily due to the fact that 
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The special interest that resides in cases of this character is the 
relation the “rest” nitrogen holds to water accumulations in the body. 
It has been suggested in explaining the relatively slight rises of the 
non-protein nitrogen with parenchymatous nephritis that the water 
retention effects a dilution and hence masking of the true state of 
affairs. 

Case 131 was thought on account of the high non-protein nitrogen 
to be one of chronic interstitial nephritis with an acute exacerbation 
to explain the urine picture. The necropsy revealed a typical large 
white kidney. 

As a rule, my results with parenchymatous nephritis agree with 
those of other investigators. The lowest figure is 32 mg. and the 
highest 11’5 mg. (uremia, Case 131) with an average of 63 mg. When 
uremia occurs, I have the impression that the “rest” nitrogen is often 
150 mg. or over, since a number of cases of uremia in which high 
values were found were apparently due to parenchymatous nephritis; 
but in the absence of pathological examination proof is wanting. 
Strauss found an average of from 62 to 63 mg. in four cases of this 
type of renal lesion, with uremia and 80 mg. as a maximum. With 
the transitional types of nephritis there is at once an increase of values 
up to 120 mg. as an average in cases with uremic symptoms. Estima- 
tions of this character conducted with cases of nephritis in which there 
is water retention would be most instructive if they were combined 
with estimations of the whole blood volume. The significant observa- 
tion of Strauss that edema fluids contain practically the same amounts 
of non-protein nitrogen as the blood has been adequately confirmed, 
and this fact offers an inviting explanation for the appearance of 
uremic symptoms with some cases following on the rapid loss of water 
(diuresis or diaphoresis). Case 101 illustrates the increased concen- 
tration that at times may occur even when there is a hyperazoturia, 
as the metabolism study indicated in this instance. 

When we turn to the various types of contracted kidney the non- 
protein nitrogen tends to assume somewhat higher values, with notable 
exceptions, however, even in the uremic states. The average values 
for my first series of seventy-two cases was 87 mg., including cases of 
uremia ; and this average has been reduced slightly, 84 mg., in the total 
determinations made to date in 130 cases. With cases free of uremic 
manifestations Strauss’ average was 82 mg., which jumped to 130 mg. 

' when there were uremic complications. Maximal determinations are 
recorded over 300 mg. without uremia (Folin) and below 50 mg. with 
uremic symptoms (Ascoli, Farr and Austin, Foster). An especial 
interest is attached to low values in interpreting the usefulness of these 
determinations as a diagnostic measure; the import of a high non- 
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changes considerably from hour to hour. I have selected a fairly 
representative figure for systolic pressure from the day on which the 
blood was taken, or have used the low level and marked with a plus 
sign (Table 4). 

A rough average struck by means of the data in Table 4 supports 
the current view at least in so far as it shows that the more pronounced 
degrees of nitrogen retention are prone to be associated with increased 
arterial systolic pressure. 


TABLE 4. — Variations 


Blood-Pressure, 
Mm. Hg. 
lSO-170 
170-190 
190-210 

150-170 

170-190 

190-210 

210-250 


IN Systolic Pressure in Case With 
Without Uremia 


WITHOUT uremia 

Non-Protein Nitrogen, 
Mg. Per Cent. 

42 

63 

67 

WITH uremia 

73 

78 

120 

108 


AND 


It is of some moment to consider the types of uremic manifesta- 
tions in association with the non-protein nitrogen. The symptoms of 
uremia are so various in their combinations that all the notable factors 
cannot be brought into this relation. Disregarding subordinate con- 
siderations, uremia is sharply divided into two classes by the presence 
or absence of convulsive seizures. When convulsions are wanting, the 
notable element in the symptom-complex sooner or later is asthenia, 
physical and mental, which grades off into stupor and coma. In Table 3 
there are nine cases of the epileptiform type of uremia and seventeen 
of the asthenic — about the relation they bear to each other in incidence. 
For the convulsive cases the non-protein nitrogen averages 135 mg. ; 
the extremes being 62 mg. and 239 mg. For the asthenic types the 
average is 67 mg., with 21 mg. and 177 mg. as the low and high values. 
There appears, then, to be some relation which the non-protein nitrogen 
holds to the character of the uremic manifestation; the higher values 
are observed more commonly in epileptiform uremia. 

Of the uremic patients whose cases are here reported only three 
lived longer than six months ; hence it is evident that we can draw no 
conclusions from these data as to the prognostic significance of the 
“rest’’ nitrogen in uremic states. In the absence of uremic symptoms, 
the non-protein nitrogen has, when the values are high, a definite prog- 
nostic significance.'’ With over 100 mg. the outlook is extremely grave. 

6. Foster, Nellis B.; Pathological Deviations in the Chemistry of Uremic 
Blood, The Archives • Int. Med., November, 1912, p. 414. 
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But this fact applies only to a fraction of the cases examined and it 
cannot be overlooked that values which are but slightly above normal 
fail to exclude a not remote fatal issue. Table 3 supports this state- 
ment in regard to uremia. 

Thus far the non-protein nitrogen has been considered as a whole. 
Its composition is of interest both clinically and pathologically. In a 
former paper® data were given indicating the fluctuation of the urea 
fraction of the total nitrogen as between 35 and 80 per cent., and also 
some determinations of the purins and nitrogenized lipoids. These 
investigations have been broadened to include all of those nitrogen- 
containing substances known to occur in urine, since it seemed highly 
desirable to have better knowledge concerning the catabolic products 
influenced by diminished renal function, and also at the same time, any 
other substances that make up the total nitrogen with those cases of 
uremia in which the urea-nitrogen forms but half or less of the total 
nitrogen. 

For the estimation of ammonia in blood the customary aeration 
method has been employed. As the amounts of ammonia are small, 
it is necessary to use hundredth-normal acid and alkali. Excellent con- 
trols are secured with iodo-eosin in ether as an indicator. The amount 
of ammonia-nitrogen in normal blood seldom rises above 0.5 mg. per 
hundred c.c. by this method. Winterberg^ found 0.6 mg. and 1.3 mg. 
as the limits of normal, depending on the influence of taking food. 
Folin’s® results average 0.1 mg. 

There is a decided increase in the ammonia of blood with many 
diseased states, the highest values having been noted with diabetic 
coma. Winterberg also observed 2 mg. or more with infectious dis- 
eases. With the bloods of uremic patients my results may best be 
summarized; 28 cases were examined. In 11 instances the ammonia- 
nitrogen was below 0.5 mg. ; that is, normal. With 12 the values were 
between 0.7 and 1.6 mg. ; and with 3 between 1.8 and 2.2 mg. per hun- 
dred c.c. of blood. The highest values were found with cases of the 
convulsive type of uremia when the total nitrogen was high. Winter- 
berg found slightly over 2 mg. of ammonia nitrogen with two cases of 
uremia, while Folin’s figures range from 0.6 to 1.0 mg. for uremic 
bloods. The net result of these estimations indicates that ammonia 
accumulates in the blood in something over half of the cases of 
nephritis with uremia, and that exceptionally this increase may be 
considerable ; but it -tends to bear a normal relation to the total non-: 
protein nitrogen. 


7. Winterberg: Ztschr. f. klin. Med., xxxv. 

8. Folin: Jour. Biol. Chem., 1914, xvii, 488. 
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The earlier estimations of the uric acid in blood are of doubtful 
accuracy on account of the method employed, yet the opinion has been 
long held, and is borne out by the recent work of Folin and others, 
that with renal disease there is uric acid retention. For the purpose of 
my study it seemed more advisable to determine the total purin con- 
tent of the blood by a double precipitation with the Kruger-Schmidt 
method. The purin-nitrogen of normal blood varies from 3 mg. to 

6 mg. per hundred c.c. of blood. With nephritis the average is higher 
^than normal, although the increase with the parenchymatous types is 
much less apt to occur and is of less pronounced degree than with 
contracted kidney. With uremic patients the purin-nitrogen may reach 
16 mg. in exceptional instances ; the average for ten cases was 12 mg. 
in my series. No relation whatever can be detected between the total 
non-protein nitrogen and the purin nitrogen. The highest values for 
the latter may accompany only moderate increases of the total nitrogen, 
and in one case with a high total, 311 mg., the purin nitrogen was but 

7 mg. Folin’s® estimations of uric acid in relation to the total nitrogen 
show the same absence of concordance. 

Estimations of creatin and creatinin were made in but four 
instances, as sufficient blood was not available with other cases. The 
proteins were separated out by the adsorption method of Rona and 
the filtrate concentrated. After hydrolysis with acid the readings were 
made using Shaffer’s modification of the Folin method. The four cases 
studied were all of the convulsive type. The estimations in these four 
cases were 28 mg., 27 mg., 32 mg. and 46 mg., respectively. There is 
then so far as this evidence goes a considerable retention of either 
creatin, creatinin, or both as result of the renal lesion.^® 

It remains to. consider the amino-acids, four estimations of which 
were done by the Van Slyke method.^^ The four cases were selected 
so as to represent various degrees of accumulation of non-protem 
nitrogen from 188 mg. down to normal. The amino-acid content was 
normal in all, 4 to 6 mg. 

The history of the theories of causation of uremia is an epitome 
of the supposed toxic action of the various fractions which compose 
the non-protein nitrogen of blood. Each of these substances is in a 
certain degree toxic but not in the concentrations found in body fluids. 
While it is conceivable that certain cells, as, for example, nerve cells, 
may under some circumstances, exhibit, as Strauss has recently sug- 
gested, an increased irritability to these agents, yet such an idea is 
purely conjectural. That none of the substances with which we are 

9. Folin: Jour. Biol. Chem., 1914, xvii, 489. • i-jo 

10. Myers and Fine : Proc. Soc. Exper. BioL and Med., 1914, xt, lo— 

11. Due to the courtesy of Dr. Donald Van Slyke. 
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familiar is to be held accountable for uremia is attested by excessive 
accumulations of these substances in certain morbid states without 
characteristic symptoms. Herter analyzed forty-one cases of anuria 
(not nephritis) recorded in the literature; with seven the anuria per- 
sisted for fourteen days or longer ; and with these no symptom which 
could be regarded as uremic appeared before the eleventh day. It is 
well known that cases of poisoning with bichlorid of mercury present 
very few symptoms other than those due directly to the poison; yet 
the blood in such cases has yielded some of the highest values for 
“rest” nitrogen recorded. Whatever may be the significance of the 
known fractions composing the non-protein nitrogen, clinically or 
pathologically, it seems highly improbable that they are directly related 
as a cause to uremic manifestations. With some cases of uremia the 
sum of these known fractions practically equals the total nitrogen; 
while with other cases there is an appreciable unknown, undetermined 
fraction. Studies on this point are now in progress. 

Concerning the location of renal lesions which induce faulty 
nitrogen elimination we have no conclusive evidence. With clinical 
nephritis of even the least complex types there is enough involvement 
of all the renal structures to make conclusions as to function hazard- 
ous. Experimentally induced nephritis offers some interesting data 
which it is difficult in many instances to harmonize with the clinical 
facts. There is an increase in the non-protein nitrogen with nephritis 
caused by poisoning with uranium, chromium and tartaric acid. All of 
these produce^^ lesions which are almost wholly tubular, any glomerular 
implication being inconstant and of slight degree. Arsenic involves 
both glomeruli and tubules, the lesions of the latter are earlier and 
more transitory than in the glomerulus ; and according to Karsner it is 
during the period when the tubules are suffering, up to seventy-two 
hours after administering the poison, that the non-protein nitrogen 
shows its largest values. The highest values were also noted in asso- 
ciation with the greatest tubular damage. The nearest approach to a 
pure glomerular nephritis that can be experimentally induced is by 
means of diphtheria toxin, but there is here also cloudy swelling and 
focal necrosis in the tubules. There is with this form of nephritis also 
considerable increase in the non-protein nitrogen of the blood. 

The trend of evidence points to tubular rather than glomerular 
involvement as the important factor in nitrogen retention, since the 
phenomenon is clearly manifested with experimental renal lesions that 
are almost, if not entirely, epithelial. It is then of considerable interest 
that the nearest approach to a purely tubular nephritis clinically is not 

12. Folin, Karsner and Denis : Jour. Exper. Med., 1912, xvi, 789. Karsner 
and Denis : Jour. Exper. Med., 1914, xix, 263. 
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marked by the highest degree of nitrogen retention. (The possible 
deception due to edema has been already noted.) There arises then the 
question of degrees of structural damage in relation to function. With 
the contracted kidney there is so much destruction of all renal elements 
that it becomes quite impossible to assert that one structure is more 
damaged than another. 

515 Park Avenue. 
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The question of the effect of anesthetics on the kidney has long 
been one of interest, and it seemed to us that an investigation of this 
by means of the phenolsulphonephthalein test of Rowntree and 
Geraghty would be of considerable interest. ’ No extensive investiga- 
tion of the subject in this manner has come to our attention, though a 
brief report is given by Sanford^ who did the test in a series of cases 
of ether and gas-oxygen anesthesia, doing it first twenty-four hours 
before operation and again within a few’ hours afterward. He says : 

The cases of gas anesthesia gave almost the same output of phthalein after 
anesthesia as before, showing apparently no effect on the kidney from the 
anesthetic. The ether cases have been rather contradictory. In short anes- 
thetics the output of the drug was almost doubled after ether, and in long 
operations it was generally diminished. It seems probable that a short ether 
anesthetic is a renal stimulant, while a longer one is a depressant. So many 
factors enter into a renal functional test done within a few hours after an 
operation, that this can only be a conjecture. 

Also in a recent article Block- reports about twenty cases tested 
with phenolsulphonephthalein before and after operation, and says 
that although the series is too small to serve as a basis for definite 
conclusions, it seems to indicate, among other things, that the effect of 
anesthesia on healthy kidneys is practically nil so far as reducing the 
excretory power goes ; the duration of anesthesia in any given case 
does not of itself signify the amount of injury which the kidneys will 
sustain; the excretion of phenolsulphonephthalein after, as compared 
with before operation, is not affected by the administration of proc- 
toclysis, the position of the patient on the table or the character of the 
operation; and that in about one-third of the cases there is increased 
excretion after operation. 

* Submitted for publication June 22, 1914. 

1. Sanford : A Clinical Study of the Elimination of Phenolsulphonephthalein 
by the Kidneys, with a Report of ISO Cases, Cleveland Med. Jour., 1912, xi, 763. 

2. Block, Frank Benton: The Effect of Operation on Kidney Excretion as 
Indicated by the Phenolsulphonephthalein Test, Jour. Am. Med. Assn., April 25, 
1914, p. 1309. 
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A great many articles have appeared on the effect of anesthetics on 
the kidney as shown by the presence of albumin, blood, pus and renal 
elements, and to these brief reference will be made. Bovee^ found 
that during the first fifteen minutes of ether anesthesia there was an 
increase in the output of urine, followed by a decrease up to forty-five 
minutes, after which it increased again. The diminution in urea out- 
put was even greater in proportion than that of the urine. He says 
that ether, carefully and skilfully given, has little effect on the produc- 
tion of albumin and casts, inducing them in some cases and stopping 
them in others. He states that in the Trendelenburg position there is 
even greater interference with urinary excretion, due, he thinks, partly 
to retraction in the renal pelvis and partly to a certain degree of arrest 
of renal function directly due to the position. Hewitt* has collected 
interesting figures from various authors as follows: 


Weir 34 ethers, followed by 9 cases of albuminuria 

Barenfeld -..ISO ethers, followed by 2 cases of albuminuria 

Butler .500 ethers, followed by 1 case of albuminuria 

Kute 600 ethers, followed by 1 case of albuminuria 

i 


Hewitt, summing up the question, says : 

With regard to the frequency of renal complications after ether it is diffi- 
cult to speak with certainty, owing to the fact that statements made by those 
observers who have specially studied this point are very conflicting. The author 
has not, to his knowledge, met with any cases in which such complications 
have occurred, but it is only fair to say that anesthetists’ opportunities for ascer- 
taining the condition of patients after anesthesia are very limited. 

Buxton and Levy (quoted by Hewitf*) are 'fiinable to satisfy them- 
selves that ether, when properly administered, exerts any unfavorable 
influence on the kidneys” ; they say that such ill effects occur chiefly, 
if not wholly, in cases in which the ether has been unduly and unneces- 
sarily pushed. Kemp (quoted by Hewitf*) says that ether causes a 
special contraction of the arterioles of the kidney, with decreased 
secretion of urine. He believes that it gives rise to a damaged state of 
the secreting cells and that albumin appears early in the urine secreted. 

Regarding the purely p.sychic effect of the ordeal of preparing for 
operation and taking the anesthetic, the following quotation from Crile® 
is of interest : 

We now know that fear alone may cause physical damage, not alone to the 
brain, but to other organs. It causes an increase in adrenalin, in the output 
of glycogen, and in rabbits repeatedly frightened, albumin and. casts are some- 
times produced. 

3. Bovee: Renal Excretion During the Administration of Chloroform and 
Ether in Gynecological Surgical Operations, Tr. New York Obst. Soc., Am. 
Jour. Obst, 1909, lix, 1004. 

4. Hewitt: Anesthesia, Ed. 4, 1912, p. 383. 

5. Crile: Nitrous Oxide Anaesthesia, with Note on Anoci-Associatiom a 
New Principle in Operative Surgery, Surg., Gynec. and Obst, 1911, xui, 170. 
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Von Brunn® says that in deep anesthesia the urine is decreased in 
amount, though occasionally it may show increase, and that for two 
or three days there is an increase in the specific gravity. The loss of 
function of the renal parenchyma apparently corresponds to the 
length of the anesthesia (compare our cases below). He says that 
ether may, if given several times within twenty-four hours, cause fatty 
degeneration and necrosis of tissues in animals. He has collected 
figures from various authors, taking into consideration the occurrence 
of albumin before as well as after operation, and these will be stated 
in part: 

Roux — Albumin Before Albumin After 

119 cases ether 4 4 

Butter — 

500 cases ether 0 1 

Wunderlich — 

72 cases ether 0 6 

52 cases chloroform 0 6 

1 case chlor-ether 0 1 

Eisendrath — 

60 cases ether 25.0 per cent, showed albumin afterward 

70 cases chloroform 32.0 per cent, showed albumin afterward 

Deaver and Frese — 

63 cases ether 47.6 per cent, showed albumin afterward 

Von Brunn says: 

It must be said that ether may cause trouble with the kidney, which may 
manifest itself by irregularities of excretion, decreased nitrogen excretion, 
albuminuria and cylindruria. These, however, are only of a fleeting nature, 
and occur, at least so far as albumin and casts go, in only a small percentage 
of the cases. A preexisting albuminuria or cylindruria may be increased by 
ether narcoses. Compared with chloroform, ether is less dangerous. 

In nephritis, general narcosis should be avoided if possible — if it 
cannot be avoided, ether is better than chloroform. 

Popoff^ reported 140 cases of patients examined before and after 
ether. Of these 140 cases, 14 showed albumin before operation and 
28 afterward — in other words, 10 per cent, had albuminuria as a 
result of operation under ether. Konwer (quoted by Popoff’^) reports 
100 cases of which 5 showed postoperative albuminuria. Popoff con- 
cluded that ether may cause transient albuminuria, that it may cause 
or increase casts, but that nevertheless the general condition of a 
patient is never made worse by it. Buxton,® as a result of his investi- 
gations, states that : 

In most cases the quantity of the urinary water was reduced, but probably 
not more so than could be accounted for by the abstinence from food and 
liquids. The solids remained practically unaffected. When ether is given in 

6. Brunn, M. V.: Die Allgemeinnarkose, Tubingen, 1913, p. 171. 

7. Popoff, Wassil: Contributions a I’etude de 1’ albuminuric apres I’etherisation, 
These Inaugurale, Geneve, 1896. 

8. Buxton: Anaesthetics, Philadelphia, 1907, pp. 47, 120. 
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excessive quantity, ischemia of the kidneys is produced and albuminuria results. 
If, hovyever, only so much is inhaled as is needed for complete anesthesia, no 
deleterious effects arise, and the renal parenchyma is not injured nor does 
albuminuria result. The experimental work was supplemented by the study 
of clinical cases and these bore out our experimental deductions. 

Later he says : 

In renal disease, when extensive, ether is said to induce suppression of urine, 
so that if given at all in these cases it should be used with caution. 


Blake® gives figures collected by other authors concerning death 
from anesthesia, and those are interesting in this connection : 

Gurlt — 

166,812 chloroform cases, 63 deaths 1 in 2,647 

26,320 ether cases, 2 deaths 1 in 13,160 

8,014 ether and chloroform, 1 death 1 in. 8,014 

Zeigler, 600 ether cases No deaths 

Tschmarke, 500 ether cases No deaths 

Korte, 600 ether cases No deaths 

Vogel, 1,200 ether cases Two deaths or serious complications 

Ollier, 40,000 ether cases No deaths 

Chalot, 730 ether cases No deaths 

Tillier, 6,500 ether cases No deaths 

Poucet, 15,000 ether cases No deaths 

Juillard — 

314,738 ether cases, 21 deaths 1 in 14,987 

524,507 chloroform cases, 161 deaths 1 in 3,258 


Blake examined personally 50 cases before and after ether; of 
these, 17 showed albumin before, and in 11 of these 17, the albumin 
was increased. Of the 33 with no albumin before operation, 25 showed 
it afterward. These figures are much higher than those of most other 
observers. Blake believes that the albuminuria is due to a passing 
irritation of the kidney and not to a true nephritis. 

J. Wyllis Hassler,^® speaking in regard to the urine after intra- 
venous anesthesia, says : 

The urinary analysis made before the operation and for three or four days 
afterward showed no marked difference in the specimens. The total amount 
was increased and the specific gravity lowered in the first twenty-four hours , 
often the specific gravity and solid content of the urine remained unchanged. 
In no case, even after the employment of a 7.5 ether solution, did blood, albumin 
or casts appear in the urine, though German observers did report occasional 
cases of transient hemoglobinuria after the use of the stronger ether mixtures. 

There are countless articles in the literature dealing with one or 
another of the dangers of anesthetics and how to avoid these dangers, 
but as the great majority have no direct bearing on the subject in 
hand, no further reference will be made to them. 

9. Blake, J. B. ; An Examination of Some Recent Statistics in Regard to 
Ether, and a Consideration of Some Pryse.nt Methods of Its Administration, 
Boston Med. and Surg. Jour., 1895, cxxxii, 559. _ _ 

10. Hassler: Intravenous Anaesthesia, Ann. Surg., 1913, Ivin, yuu. 
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AUTHORS' WORK 
Our work was done on the ward cases at the Massachusetts General 
Hospital, the patients being taken without regard to age, general con- 
dition, or the specific nature of their ailment. A desire for as much 
accuracy as possible made it seem wise to avoid, to a certain extent, 
such nephrectomies and nephrotomies as would have, after operation, 
an excess of blood in the urine, and the prostatectomies, in which the 
constant irrigation after operation, plus the blood, made careful work 
well-nigh impossible. Also it was found impossible to use stricture 
cases on account of the difficulty of getting the urine before operation. 
After early experiences in the work, attempts to carry through the test 
on female patients were given up on account of the unavoidable diffi- 
culty encountered in getting them catheterized at the proper time after 
operation. This was not due in the least to any unwillingness on the 
part of the attendants, but to other duties which continually presented 
themselves and which were clearly too important to neglect. The 
collection of the urine at the end of the two-hour period was done 
personally, as it was early found that this was the only way to be sure 
of having it done completely and at the proper time. 

The great majority of the patients were tested on the day of their 
entrance into the hospital — only a small number being tested after 
they had been in the wards one or more days. Whether the fact that 
most of the patients were more or less frightened over their new sur- 
roundings and anticipations of future operation could have any reflex 
inhibitory effect on their visceral functions and more particularly on 
their kidney function, as shown by phenolsulphonephthalein, would be 
in most cases, difficult to state — though such a possibility does not 
seem beyond the realms of reason (see Crile® quoted above). 

Each patient was directed to empty his bladder and was then given 
1 c.c. of phenolsulphonephthalein into the muscles of the thigh. Injec- 
tions into the lumbar muscles were given up early on account of the 
difficulty encountered in attempting to give the injection in the same 
place after the operation. The patients were questioned as to the 
frequency of micturition, nocturia, etc., and those in whom was no 
history suggesting retention and residual urine emptied their bladders 
by voiding at the end of two hours from the time of injection. In 
only a very few cases did catheterization seem necessary at this time, 
but as will later be pointed out, certain discrepancies in some of the 
results are most probably due to the fact that the patient really did not 
completely empty his bladder, though he seemed to at the time. The 
drug was given with a 3 c.c. Paris glass syringe, the plunger being 
drawn up to the mark 1.1 c.c., then driven in to the mark 0.1 c.c., thus 
obviating any error from injecting bubbles of air, which would other- 
wise occasionally happen. 
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The second injections were given at various times — in some cases 
just at the beginning of the operation, and in others at different periods 
after the end of the operation — some being a day or more later. At 
the end of the two-hour period, if the patient was perfectly conscious 
and could void without difficulty, he was allowed to do so, but in the 
majority of cases the catheter was necessary. All the ordinary aseptic 
precautions were taken in catheterizing, and to the best of our knowl- 
edge in no case was the bladder or urethra infected. Also, no patient 
was infected from the injecting needle, though occasionally a patient 
would complain for a day or two of a stiff, sore thigh. In catheterizing 
patients who were still under ether, or only partly out of its influence, 
a large number were found to have a profuse secretion of mucus from 
the urethra, in many cases almost enough to lubricate the catheter. 
This secretion was observed in almost every case in which the foreskin 
covered the glans ; in the other cases it undoubtedly was present, but 
was wiped away as the patient moved about in bed. This seems to 
prove that ether causes the secretion of mucus from the urethral 
mucous membrane, and not improbably from all the mucous membranes 
of the body, though usually its effect is apparent only in the upper air 
passages and membranes which come in direct contact with the ether 
vapor. 

The attempt was always made to make the collection at the end of 
exactly two hours, but an error of a very few minutes — practically 
never over five minutes — was frequently unavoidable, owing to 
various factors, but it did not seem to us that an error so small as that 
would make any material difference in the results. 

The two-hour specimen was measured for the amount, and the 
reaction noted; it was then made alkaline with 33 per cent, potassium 
hydroxid and diluted to 1 liter and filtered. It was then compared in 
the Duboscq colorimeter with a standard solution of 3.0 mg. phenol- 
sulphonephthalein to the liter of water, and made slightly alkaline. 
In practically none of the cases was the urinary pigment abundant 
enough to cause doubt as to the accuracy of the reading. In a few 
cases in which there was considerable blood we found one fairly satis- 
factory method was to let the specimen stand over night, at the end 
of which time most of the blood would be settled at the bottom of the 
flask, the overlying urine being fairly clear and only slightly stained 
with blood pigment. Part of this clear urine was decanted off and 
examined, and then the total phenolsulphonephthalein content estimated 
by measuring the two portions and figuring out how much would be 
contained in the rest of the urine in the flask. This seems to be a 
reasonably efficient method. In one case in which there was an excess 
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of bile in all specimens, the urine obtained before operation was used 
as a standard with which to compare that obtained afterward, and in 
this way a fairly accurate comparison could be made. For a long 
time artificial light was not used, but toward the end of the work it 
was discovered that the readings made by electric light were always 
the same as those made by daylight, and thereafter there was no hesi- 
tation about doing the readings by electricity. (The feasibility of this 
use of artificial light is agreed to by Dr. Palmer of the chemical labo- 
ratory at the hospital.) 

Coming to the actual results of the work, it is of interest first to 
consider the average output of the patients just as they came to the 
hospital, and before operation. No account is taken in these figures 
of the patient’s condition or that of his kidneys, though in the great 
majority of the cases the kidneys were normal. These figures also do 
not include a few cases, which will be referred to next, in which more 
than one test was done, but there was no operation. There were 422 
such cases with an average output in two hours of 58.5 per cent. This 
figure is lower than that of Rowntree and Geraghty,^^ who state that 
the normal is from 60 to 80 per cent., but they measure from' the time 
of appearance, and not from the time of injection, as in this case. On 
the other hand, this is higher than that of Keyes and Stevens,^^ who 
get an average normal output, in two hours from the time of appear- 
ance, of only 57.2 per cent. In this series the highest total for the two 
hours was 94.0 per cent., and the lowest 00.0 per cent. The latter was 
in the case of a much-emaciated and cachectic woman with inoperable 
carcinoma of the cervix uteri. She failed to excrete any of the drug 
in two hours after a subcutaneous injection, and the following day 
failed to excrete any in one hour following intramuscular injection. 
She subsequently went through an operation under gas and oxygen 
for cautery of the growth, and then was lost sight of. One urinalysis 
was as follows : 

Pale, turbid, acid, 1.010; albumen, trace; sugar, 0; sediment, much pus. 
and two days later : 

Milky, acid, 1.014; albumin, very large trace; sugar, 0; sediment, much pus. 

She survived the operation and left the hospital. She has undoubtedly 
died of cancer before now, if not from renal insufficiency. . 

11. Rowntree and Geraghty: An Experimental and Clinical Study of the 
Functional Activity of the Kidneys by Means of Phenolsulphonephthalein, Jour. 
Pharmacol, and Exper. Therap., 1910, 1, 579. 

12. Keyes and Stevens: A Clinical Study of Renal Function by Means of 
Phenolsulphonephthalein, Am. Jour. Urol., 1911, vii, 367. 
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Of the above-mentioned 422 cases, 409 were next classed into four 
groups according to ages, as follows : 

Group 1, age, 1-19, inclusive 
Group 2, age, 20-39, inclusive 
Group 3, age, 40-59, inclusive 
Group 4, age, 60-.., inclusive 

Their output was then estimated according to these groups, and in 
spite of the fact that, as noted above, no account is taken of their 
condition, the results are interesting: 

Group 1, age 1-19, 46 cases. 

Lowest, 27.0 per cent. ; highest, 90.9 ; average, 67.8 per cent. 

Group 2, age 30-39, 173 cases. 

Lowest, 20.0 per cent.; highest, 92.6 per cent; average, 62.2 per cent. 

Group 3, age 40-59, 154 cases. 

Lowest, 00.0 per cent.; highest, 80.5 per cent.; average, 56.8 per cent 

Group 4, age 60, 36 cases. 

Lowest, 5^.0 per cent.; highest, 82.5 per cent; average, 45.7 per cent. 

To put it more concisely: 

Age 1-19, average phenolsulphonephthalein, 67.8 per cent 

Age 20-39, average phenolsulphonephthalein, 62.2 per cent 

Age 40-59, average phenolsulphonephthalein, 56.8 per cent 

Age 60 .., average phenolsulphonephthalein, 45.7 per cent. 

These figures illustrate rather strikingly what one might be led to 
expect, namely, that the kidney function, as demonstrated by the excre- 
tion of phenolsulphonephthalein, becomes progressively less as one 
grows older. 

Before taking up variations in function following anesthesia, it is 
of interest to consider a few cases in which the functional test was 
performed more than once on the same patient, without operation. 
This will give an idea of how much fluctuation in the test one may 
expect under ordinary circumstances. A few cases taken from other 
authors will first be mentioned : 

Rowntree and Geraghty.^^ 

' Intravenous injection, output in one hour: 

Case 5, Test 1, 62.5 per cent. 

Test 2, 62.5 per cent. 

Test 3, 63.3 per cent. 

Case 10, Test 1, 64.5 per cent. 

Test 2, 72.7 per cent. 

Case 12, Test 1, 62.5 per cent. 

Test 2, 65.8 per cent. 

Test 3, 6S.S per cent. 

Case 14, Test 1, 71.5 per cent. 

Test 2, 68.5 per cent. 


13. Rowntree, L. G., and Geraghty, J. T.: The Phthalein Test, The Archives 
Int. Med., 1912, ix, 284. 
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Lumbar injection, one-hour excretion: 


Case 

6, 

Test 

1, 

54.0 

per 

cent. 



Test 

2, 

54.3 

per 

cent. 

Case 

10, 

Test 

1. 

40.2 

per 

cent. 


Test 

2. 

60.9 

per 

cent. 



Test 

3, 

60.2 

per 

cent. 



Test 

4, 

60.2 

per 

cent. 

Case 

11. 

Test 

1, 

61.7 

per 

cent. 



Test 

2, 

64.1 

per 

cent. 



Test 

3, 

63.2 

per 

cent. 

Case 

13, 

Test 

1, 

62.5 

per 

cent. 



Test 

2, 

62.5 

per 

cent. 


Cases of Keyes and Stevens. 


Comparison of excretion on different days : 

Case 1. — Syphilis of spinal cord: 

Test 1 : Appear, time, 8 minutes, two-hour excretion, 71.2 per cent. 
Test 2: Appear, time, 9 minutes, two-hour excretion, 56.0 per cent. 
No change of condition clinically. 

Case 2. — Hypospadias : _ 

excretion, 56.0 per cent, 
excretion, 49.4 per cent, 
excretion, 61.8 per cent, 
excretion, 56.0 per cent. 


Case 3.- 


Test 1 : Two-hour 
Test 2: Two-hour 
Test 3: Two-hour 
Test 4: Two-hour 
-Gonorrheal epididymitis : 

Test 1 : Two-hour excretion. 
Test 2: Two-hour excretion. 


(intravenous) 


54.6 per cent. 
53.4- per cent. 


Personal cases: 

Case 1. — Man, aged 69, extensive rodent ulcer of face : 

Test 1 ; April 30, 1913, two-hour excretion, 44.4 per cent. 

Test 2: Aug. 12, 1913, two-hour excretion, 40.3 per cent. 

Case 2 (No. 320). — Two tests done in the interval between an exploratory 
laparotomy and a later colostomy for cancer: 

Test 1 : July 2, 1913, two-hour excretion, 32.1 per cent. 

Test 2: July 4, 1913, two-hour excretion, 33.3 per cent. 

Case 3 (No. 349). — Man, aged 56; cancer of jaw: 

Test 1 : Two-hour excretion, 59.5 per cent. 

Test 2: Two-hour excretion, 62.5 per cent. 

Case 4. — Man; fracture of patella: 

Test 1 : Aug. 13, 1913, two-hour excretion, 71.4 per cent. 

Test 2: Oct. 24, 1913, two-hour excretion, 67.5 per cent. 

Case 5. — Man, aged 56; cancer of jaw; patient in poor condition: 

Test 1 : Sept. 17, 1913, two-hour excretion, 31.6 per cent. 

Test 2: Sept. 20, 1913, two-hour excretion, 32.2 per cent. 

Case 6. — Man ; cancer of thyroid : 

Test 1 : October 7, two-hour excretion, 82.5 per cent. 

This patient left the hospital and came back weak and emaciated, almost 
starved. 

Test 2: November 6, two-hour excretion, 44.4 per cent. 

In this case the change in the patient’s condition might account for the 
decreased output. 

C.A.SE 7. — Man, aged 31. Between the two following tests the patient was 
prepared for operation, given two enemas, and on the 21st starved up to the 
time of test: 

Test 1 : June 20, 1913, two-hour excretion, 54.9 per cent. 

Test 2: June 21, 1913, two-hour excretion, 39.0 per cent. 

Case S. — ^Boy, aged 15 ; hernia. At the time of the first test this patient 
had bronchitis, because of which he was discharged without operation: 

Test 1 : March 18, two-hour excretion, 60.2 per cent. 

Tpif • Tiiup 0 twn-hniir pvrrptinn 7Q npr rpnf 
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Case 9— A strong man, aged 28, in perfect liealth. The test was done at 
the same time each afternoon, but conditions had varied during the morning’s 
work : 


Test 1 : June 10, 
Test 2; June 11, 
Test 3: June 12, 
Test 4: June 14, 
Test 5: June 15, 
Test 6: June 16, 
Test 7; June 17, 
Test 8: July 1, 
Test 9: July 4, 
Test 10: July 6, 


two-hour excretion, 81.9 per cent, 

two-hour excretion, 71.4 per cent, 

two-hour excretion, 70.4 per cent, 

two-hour excretion, 76.9 per cent, 

two-hour excretion, 79.3 per cent, 

two-hour excretion, 70.4 per cent, 

two-hour excretion, 79.3 per cent, 

two-hour excretion, 71.4 per cent. * 

two-hour excretion, 82.5 per cent, 

two-hour excretion, 73.5 per cent. * 


* Perspiring profusely. 


These cases have been given in detail to show what fluctuation may 
be encountered, normally or abnormally. In certain of the foregoing 
there seems to be a definite reason for changes in the output, as in 
Case 6 of the authors. The figures of Rowntree and Geraghty are 
most consistent, though they have one variation of 20.7 and another 
of 8.20. Perhaps the most instructive figures are those of the last 
case, in which ten tests were done on a normal man, with results 
varying from 70.4 per cent, to 82.5 per cent. It seems that it would be 
a very difficult thing to name any limits which we could call normal 
for any given case. 


GENERAL AVERAGES BEFORE AND AFTER ETHER 

These are the figures of 335 cases in which tests were performed 
on the entrance to the hospital and again after an operation under 
ether, with or without such accessories as nitrous oxid, anesthol (a 
mixture of ether, chloroform and ethyl chlorid), local anesthesia, etc. 
As will be noted later, not all the cases showed a decreased output of 
phenolsulphonephthalein, but they are included among these figures: 

Number of cases, 335. 

Average excretion, before operation, 59.3 per cent. 

Average excretion, after operation, 48.1 per cent. 

Difference 11.2 per cent. 

Decrease, 18.8 per cent, of average output before. 

These are general figures, not taking into consideration the nature 
of the operation, the time of injection of the drug, or the condition 
of the patient. 

GENERAL AVERAGES BEFORE AND AFTER SPINAL ANESTHESIA 

In this series there are not enough cases to prove of much value, 
but they are inserted here for what they are worth : 

Number of cases, 16. 

Excretion before operation, 49.7 per cent. 

Excretion after operation, 41.4 per cent. 

Difference 8.3 per cent. 

Decrease of 16.7 per cent, of average output before. 
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In spite of the few cases at hand, it is interesting that the decrease 
in phenolsulphonephthalein output is not so great as that after ether 
(18.8 per cent.). 

LOCAL ANESTHESIA 

The same may be said here as was noted in regard to the spinal 
anesthesia ; there are only eight cases, which are interesting^ even if 
not of much value : 

Number of cases, 8. 

Excretion before operation, 50.8 per cent. 

Excretion after operation, 44.7 per cent. 

Difference 6.1 per cent. 

Decrease, 12.0 per cent, of output before. 

Here again it will be noted that though few in number they show 
less decrease than the ether cases. 

GAS AND OXYGEN 

There were only nine such cases which we were able to test fully, 
and the results are given below, though they do not coincide with our 
theory as to what they should be. It would seem natural to expect the 
kidneys to show little or no effect after this anesthesia, whereas our 
few cases show even more decrease in output than after ether. A 
much larger number must be examined before any conclusions can be 
rightly drawn. These figures, therefore, are added only for what they 
may be worth : 

Number of cases, 9. 

Output before operation, 59.7 per cent. 

Output after operation, 44.3 per cent. 

Difference 15.4 per cent. 

Decrease, 25.7 per cent, of output before operation. 

FURTHER ANALYSIS OF THE ETHER CASES 

It next seemed wise to analyze the results after ether, according to 
the time of administration of the drug in its relation to the anesthesia. 
The cases are grouped into eight classes, as will be noted below, and 
then the general averages of each group, before and after operation, 
compared. Throughout this paper it will be observed that the actual 
difference in percentage of phenolsulphonephthalein excreted before 
and after operation is not taken as the “percentage of decrease”; to 
obtain this latter the actual number of points decrease is divided by 
the output before operation. The results shown by the following 
figures are striking in that they show a very distinct relation between 
the time of injection and the output of the drug. 
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1. Injection just before or during operation: 

Number of cases, 16. 

Output before operation, 61.7 per cent. 
Output after operation, 46.2 per cent. 


Difference 15.5 per cent. 

Decrease in output, 25.1 per cent. 

2, Injection within one hour of end of anesthesia: 
Number of cases, 8. 

Output before operation, 63.4 per cent. 
Output after operation, 47.8 per cent. 


Difference 15.6 per cent. 

Decrease in output, 24.7 per cent. 

3. Injection between one and two hours after anesthesia: 
Number of cases, 24. 

Output before operation, 65.6 per cent. 

Output after operation, 52.0 per cent. 

Difference 13.6 per cent. 

Decrease in output, 20.9 per cent. 

4. Injection between two and four hours after anesthesia: 
Number of cases, 125. 

Output before operation, 60.2 per cent. 
Output after operation, 48.0 per cent. 


Difference 12.2 per cent. 

Decrease in output, 20.2 per cent. 

5, Injection between four and six hours after anesthesia: 
Number of cases, 94. 

Output before operation, 58.7 per cent. 
Output after operation, 47.3 per cent. 


Difference 11.4 per cent. 

Decrease in output, 19.4 per cent. 

6. Injection between six and twelve hours after anesthesia: 

Number of cases, 21. 

Output before operation, 63.2 per cent. 

Output after operation, 52.0 per cent. 

Difference 11.2 per cent. 

Decrease in output, 17.7 per cent. 

7. Injection between twelve and twenty-four hours after anesthesia: 
Number of cases, 12. 

Output before operation, 55.3 per cent. 

Output after operation, 51.4 per cent. 

Difference 3.9 per cent. 

Decrease in output, 7.0 per cent. 

8. Injection between twenty- four and forty-eight hours after anesthesia: 
Number of cases, 25. 

Output before operation, 59.2 per cent. 

Output after operation, 57.0 per cent. 

Difference 2.2 per cent. 

Decrease in output, 3.7 per cent. 

These figures seem to demonstrate that the output of phenolsul- 
phonephthalein is affected most during or soon after operation, and 
returns to approximateJy normal in forty-eight hours. 
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Though the amount of ether used in an operation is by no means 
always indicative of the state of narcosis of the patient, it was decided 
to study the cases from this point of view also, though in a good many 
of the whole series the amount of ether could not be ascertained, and 
at best it is only approximate. In all of these cases the test was done 
within six hours of the end of the operation. 

1. Amount of ether, 1-4 oz. 

Ivumber of cases, 1. 

Output before operation, 55.5 per cent. 

Output after operation, 50.0 per cent. 

Difference 5.5 per cent. 

Decrease in output, 9.9 per cent. 

2. Amount of ether, 4-12 oz. 

Number of cases, 161. 

Output before operation, 59.8 per cent. 

Output after operation, 49.1 per cent. 

Difference 10.7 per cent. 

Decrease in output, 17.8 per cent. 

3. Amount of ether, 12-20 oz. 

Number of cases, 73. 

Output before operation, 61.2 per cent. 

Output after operation, 45.8 per cent. 

Difference 15.4 per cent. 

Decrease in* output, 25.1 per cent. 

4. Amount of ether, 20 oz. or more: 

Number of cases, 17. 

Output before operation, 60.4 per cent. 

Output after operation, 44.5 per cent. 

Difference 15.9 per cent. 

Decrease in output, 26.3 per cent. 

These results are interesting and instructive, and if they may be 
depended on, they show clearly that the effect on the kidney, as shown 
by phenolsulphonephthalein, is directly dependent on the amount of 
ether used. These figures are probably the least reliable of any, on 
account of the difficulty of knowing accurately the amount of ether 
the patient actually gets. 

The ether cases were again interpreted to show the effect of the 
duration of the operation and the anesthesia. They are divided into 
three groups, and in every case the second test was done within six 
hours of the end of the operation. 

1. Length of anesthesia, one hour or under: 

Number of cases, 151. 

Output before operation, 61.1 per cent. 

Output after operation, 50.3 per cent. 

Difference 10.8 per cent. 

Decrease in output, 17.6 per cent. 
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2. Length of anesthesia, from one to two hours: 
Number of cases, 95. 

Output before operation, 60.8 per cent. 
Output after operation, 46.3 per cent. 

Difference 14.5 per cent. 

Decrease in output, 23.8 per cent. 

3. Length of anesthesia, over two hours : 

Number of cases, 14. 

Output before operation, 52.2 per cent. 
Output after operation, 38.5 per cent. 

Difference 13.7 per cent. 

Decrease in output, 26.2 per cent. 


Duration 

0- 1 hr. 

1- 2 hrs. 
2 hrs. 


Summary 


No. Cases 

Decrease % Phthalein 

151 

17.6 

95 

23.8 

14 

26.2 


Here is another fairly striking result — that the length of the oper- 
ation and anesthesia bears a definite relation to the postoperative 
excretion of phenolsulphonephthalein. 


CASES SHOWING INCREASED EXCRETION OF PHENOLSULPHONE- 
PHTHALEIN AFTER OPERATION 

Of the complete series, eighty-four cases, showed a higher, output 
after operation than before. It seems significant that, in spite of the 
fact, the general trend of results after operation is consistently down- 
ward. It appears that most of these cases can be explained in such a 
way as not to change ones convictions as obtained from the general 
averages. A more careful study of these eighty-four cases shows that : 

1. Forty-nine out of the eighty-four cases showed an increase of. 
less than 10 points. If it be assumed, from figures given above under 
the heading of normal variations in renal function, that, the output 
may vary from day to day, then it may be said that the majority of 
these cases which show increased phenolsulphonephthalein output have 
not been actually stimulated to increased work, but rather have not 
been affected one way or another by the anesthesia and the operation. 
If this be agreed for cases showing slight increase, the same would 
have to be said for all those cases showing a similar amount of 
decrease. 

2. In four of the cases, to wit., (a) subdiaphragmatic abscess, 
(b) empyema, (c) lung abscess and (d) reduction of a painful frac- 
ture, the patient’s mental or psychic condition was greatly relieved, as , 
well as his suffering, and this might tend to aid his renal function. 

3. In eight of the cases the tests were done over twenty-four hours 
after the operation. • 
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4. One was a case of gas-oxygen anesthesia. 

5. Two were cases of local anesthesia. 

6. Five were cases of spinal anesthesia. 

7 . In ten of the cases the results were such as to suggest strongly 
a possible error, in that it seemed probable that the bladder was not 
completely emptied at the time of the first test. This may occasionally 
have been true of some of the others, but there was nothing about 
them, save the results, to suggest that such might have been the case. 

As examples of these cases of increase which are hard to explain, 
we cite three : 

Case 1. — Man, aged SO; rodent ulcer of face; No. 164. 

Test: May 16; 1 c.c. phthalein; voided in two hours. Urine, 145 c.c. ; 
phthalein, 25.0 per cent. 

Operation; May 17, gas-ether, 9 ounces; duration thirty-five minutes. 
Excision of rodent ulcer. 

Test: May 17, three hours after close of operation: 1 c.c. phthalein; voided in 
two hours. Urine, 325 c.c.; phthalein, 42.7 per cent. 

Case 2. — Man, aged 20; No. 65. 

Test: January 7, 1 c.c. phthalein; voided in two hours. Urine, 390 c.c.; 
phthalein, 41.6 per cent. 

Operation; January 9, gas-ether, 13 ounces. Duration, half an hour. 
Appendectomy. 

Test; January 9, 1 c.c. phthalein, three hours and forty minutes after oper- 
ation. Catheterized in two hours. Urine, 300 c.c.; phthalein, 68.4 per cent. 

Case 3. — Man, aged 34; No. 310. 

Test: June 25, 1 c.c. phthalein, voided in two hours. Urine, 190 c.c.; 
phthalein, 36.2 per cent. 

Operation: June 26, gas-ether, 10 ounces. Duration, one hour and fifty 
minutes. Gastro-enterostomy. 

Test: June 26, 1 c.c. phthalein, four hours and thirty-eight minutes after 
operation ; catheterized. Urine, 210 c.c. ; phthalein, 67.5 per cent. 

On the other hand, in contrast to these one sees a few cases in 
which, without any evident reason, the phenolsulphonephthalein output 
after operation goes down practically to zero, and that in cases of 
strong rugged men who have undergone operations neither long or 
serious. We quote a few of these as examples : 

Case 1. — Boy, aged 19; general health excellent; No. 416. 

Test: November 3, 1 c.c. phthalein, voided in two hours. Urine, 125 c.c.; 
.phthalein, 52.6 per cent. 

Operation: November 4, gas-ether, 5 ounces. Duration, thirty minutes. 
Appendectomy. 

Test: November 4, 1 c.c. phthalein, two hours and forty-five minutes after 
operation; catheterized in two hours. Urine, 85 c.c.; phthalein, 16.6 per cent. 

Case 2. — ^Young man, aged 18, well developed and nourished. 

Test: May 19, 1 c.c. phthalein, voided in two hours. Urine, 130 c.c.; phthalein, 
76.9 per cent. 

Operation; May 20, gas-ether, 4 ounces. Duration, twenty-five minutes. 
Incision and drainage submaxillary abscess. 

Test: May 20, 1 c.c. phthalein, two hours and twenty minutes after operation. 
Catheterized in two hours. Urine, 200 c.c.; phthalein, 15 per cent. 
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Case 3. — Young man, aged 18, well developed and nourished. 

Test: May 12, 1 c.c. phthalein; voided in two hours. Urine, 160 c.c. 
phthalein, 76.9 per cent. 

Operation; May 13, ether, 6 ounces. Duration, forty-five minutes. Radical 
cure inguinal hernia. 

Test: May 13, 1 c.c. phthalein, forty-five minutes after operation. Catheter- 
ized in two hours. Urine,' 115 c.c.; phthalein, too low to estimate accurately, 
about 10 per cent. 

Case 4. — Man, aged 37 ; well developed and nourished. 

Test: April 23, 1 c.c. phthalein; voided in two hours. Urine, 675 c.c.; 
phthalein, 70.4 per cent. 

Operation : April 24, gas-ether, 18 ounces. Duration, one hour and five 
minutes. Appendectomy. 

Test: April 24, 1 c.c. phthalein, two hours and fifty minutes after operation. 
Catheterized in two hours. Urine, 170 c.c. ; phthalein, approximately 7.5 per cent. 

No one of these patients had a very long or shocking operation ; 
they were all fairly young and healthy, and there seems no reason to 
doubt the accuracy of the results. Contrast with these : 

Case 1. — Man, aged 24; well developed and nourished; No. 357. 

Test: October 22, 1 c.c. phthalein; voided in two hours. Urine, 250 c.c.; 
phthalein, 62.5 per cent. 

Operation : October 23, gas-ether, 15 ounces. Duration one hour and twenty 
minutes. Appendectomy; exploration. 

Test: October 23; patient unconscious; 1 c.c. phthalein, one hour and ten 
minutes after end of operation. Catheterized in two hours. Urine, 80 c.c.; 
phthalein, 62.5 per cent. No change. 

Case 2. — Man, aged 41 ; well developed and nourished. 

Test; July 11, 1 c.c. phthalein, voided in two hours. Urine, 250 c.c.; phthalein, 
52.6 per cent. 

Operation: July 12, gas-ether, 14 ounces. Duration, 40 minutes. 

Test: July 12, 1 c.c. phthalein, two hours and twenty minutes after operation. 
Voided in two hours. Urine, 120 c.c. ; phthalein, 52.6 per cent. No change. 

Case 3. — Man, aged 29; well developed and nourished. 

Test : August 1, 1 c.c. phthalein ; voided in two hours. Urine, 990 c.c. ; 
phthalein, 58.1 per cent. 

Operation; August 2, gas-ether, 6 ounces. Duration, 55 minutes. Clamp 
and cautery for hemorrhoids. 

Test: August 2, patient partly out of ether; 1 c.c. phthalein, one hour and 
twenty minutes after operation. Catheterized in two hours. Urine, 120 c.c.; 
phthalein, 57.0 per cent. Decrease, 1.8 per cent. 

All the foregoing cases were picked out as examples of three types 
— those showing marked increase, those showing marked decrease, 
and those showing practically no change at all. And in these par- 
ticular cases, especially those of the first two groups, there is no 
adequate explanation of the results — just why there was so much 
increase or so much decrease is hard to say. They tend to confuse one 
a good deal, and on studying them, with the general averages above in 
mind, it seems a fair presumption to explain them on the ground of 
the personal idiosyncrasy of the patient to ether, just as is seen in the 
reaction of certain individuals to other drugs. 
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EFFECT OF SHOCK 

Cases of pure shock were much desired for this work, but were 
very hard to get, as almost every patient was either operated on at 

, t* 

once, or else died in a few hours without operation. Only one such 
case of value came in, and it will be given in detail, as it was very 
interesting : 

Case 1. — Italian, aged 40, well developed and nourished. September 24, 
brought to the hospital with fractured femur, fractured ribs, fractured fibula 
and compound fracture of tibia. Patient in such severe shock that he was left 
on shock table and later put to bed in ward. 

Test: 1 c.c. phthalein; catheterized in two hours. Urine, 215 c.c. ; phthalein, 
approximately 5.0 per cent. 

September 25 : Fractures reduced under ether. 

October 7 ; Patient in good condition, convalescing. 

Test: 1 c.c. phthalein; voided in two hours. Urine, 105 c.c.; phthalein, 
58.1 per cent. 

This is a striking case, and though the only one of its kind, seems 
to show that shock per se has a great inhibitory action on kidney func- 
tion (cf. Crile’s work on shock). Under this heading the following 
cases are of interest, though they do not present shock alone. 

Case 2. — Man, aged 56; brain abscess; very sick. 

Test: October 8, 1 c.c. phthalein; catheterized in two hours. Urine, 75 c.c.; 
phthalein, 67.5 per cent. 

Operation: October 16, gas-ether, 10 ounces. Duration, one hour and fifteen 
minutes. Craniotomy for brain abscess. 

Test: October 16, patient partly out of ether. In shock and on dangerous 
list. One c.c. phthalein, 5 hours and 55 minutes after operation. Catheterized 
in two hours. Urine, 90 c.c. ; phthalein, 15.0 per cent. 

Case 3. — Man, aged 35, poorly nourished; osteomyelitis of femur. 

Test: October 28, 1 c.c. phthalein; voided in two hours. Urine, 110 c.c.; 
phthalein, 86.2 per cent. 

Operation: October 29, spinal anesthesia; hip-joint amputation. 

Test: October 29, patient in poor condition and on dangerous list. One c.c. 
phthalein, seven hours and ten minutes after operation. Catheterized in two 
hours. Urine, 75 c.c. ; phthalein, 26.0 per cent. 

Theoretically, there should not be shock during or after an opera- 
tion under spinal anesthesia, but the patient’s condition was such as to 
suggest that the effect of the anesthetic had worn off and that at the 
time of the test he was actually in a state of shock — and that the 
shock and not the anesthetic was the cause of the great decrease in 
phthalein output. 

Case 4. — Man, aged 40. Fairly nourished. Cancer of rectum. 

Test: February 19, 1 c.c. phthalein; voided in two hours. Urine, 90 c.c.; 
phthalein, 54.3 per cent. 

Operation : February 23, spinal plus ether. Combined abdominal and perineal 
operation for cancer of rectum. 

Test: February 25, patient in very severe shock and unconscious. One c.c. 
phthalein three hours after operation. Catheterized in two hours. Urine, 65 c.c. ; 
phthalein, 00.0 per cent. 
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It seems here that the shock and not the anesthetic is responsible. 

Test: February 26, day after operation, 1 c.c. phthalein; phthalein excretion. 
50.0 per cent. 

This demonstrated the rapid return to the normal, or to nearly 
normal. 

The following case is not one of shock, though the patient was on 
the dangerous list at the time of the second test, and died shortly after. 

Case 5. — Man, aged 47, brain tumor. 

Test: May 26, 1 c.c. phthalein, voided in two hours. Urine, 90 c.c.; phthalein, 

80.5 per cent. 

Operation : May 31, ether 10 ounces. Duration, two hours. Craniotomy for 
brain tumor. 

Test: June 2, two days after operation. Patient semiconscious. One c.c. 

The foregoing cases have been cited to illustrate what seems to be 
a very probable fact, namely, that the general condition of the patients, 
leaving the anesthetic entirely out of the question, and where there is 
also no kidney lesion, must have some influence on the amount of 
phenolsulphonephthalein excreted. In Case 1 above, there was no 
local kidney injury; the surgical shock alone must account for the 
low output, and, granted this, it is difficult to differentiate in Cases 2, 
3 and 4 between the effect of the anesthetic and the effect of the 
patient’s reduced vitality and low ebb of life — at the time. In Case 5 
the test was done so long after the operation that neither the anesthetic 
nor surgical shock could be considered as of any moment, and here 
again the factor is the poor general condition and what turned out to 
be impending death. 

KIDNEY CHANGES AS SHOWN BY URINALYSIS 

Of all the cases in this series, 208 had complete urinalysis before 
and after operation. These examinations were not made from the 
same specimens which were used for the determination of the phenol- 
sulphonephthalein excretion, as it was deemed best to use these entire, 
for the sake of greater accuracy. Of these 208 cases, twenty-two, or 

10.5 per cent., showed after operation either the presence of albumin 
when it has been absent before, or else an increase in the amount of 
preexisting albumin. In this list are not included cases of operation 
on the genito-urinary tract, in which the sequelae of operation, blood 
and pus in the urine, would naturally give rise to the presence of 
albumin. Of the twenty-two cases, seventeen were ones in which 
albumin appeared when it had been absent before, and five were cases 
of increase. Compared with the figures given at the beginning of this 
paper, this percentage of 10.5 is neither high nor low — it falls between 
the extreme figures of the different authors. 
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The changes in phenolsulphonephthalein output after operation in 
these twenty-two cases are briefly as follows : 

Two showed no change. 

Three showed decreased output of 5 per cent, or under. 

Three showed decreased output of S-10 per cent. 

Four showed decreased output of 10-20 per cent. 

Five showed decreased output of 20-40 per cent. 

Five showed increased output. 

In view of these results, it seems that the presence of or absence of 
albumin after operation, bears no definite relation to the increased or 
decreased output of phenolsulphonephthalein after operation. Also, 
there were in these cases, sixty-three which showed a decrease in 
phenolsulphonephthalein output after operation of over twenty points, 
in which cases the postoperative urine was normal with no albumin. 
The albuminuria does not go pari passu with the decreased excretion 
of phenolsulphonephthalein. 

THE IMPROVEMENT OF RENAL FUNCTION AFTER IT HAS 

ONCE DROPPED 

The figures given above to illustrate the variations* in phenolsul- 
phonephthalein output according to the time after operation at which 
the test is done show rather clearly that whatever decrease there is to 
be will come shortly after the operation, and that the longer one waits, 
the less likelihood there will be of finding a lowered excretion. In 
other words, it seems that the function will have returned to normal, 
or practically normal, within from twenty-four to forty-eight hours. 
To recapitulate briefly, when the test was done within six hours after 
the operation, the average decrease varied between 19.4 per cent, and 
25.1 per cent. Compare this with those cases in which the tests were 
performed between twenty-four and forty-eight hours after operation, 
in which the average decrease is found to be only 2.2 per cent. It is 
fair to assume that of the cases of this last group numerous ones 
showed a considerable decrease of function within the first few hours, 
but that it had returned to normal in the twenty-four or more hours 
before the test was done. 

Following are a few cases illustrating this : 

Case 1. — Man, aged 40 (case quoted above also). 

Test: February 19, 1 c.c. phthalein; voided in two hours. Phthalein, 54.3 
per cent. 

Operation: February 25, spinal anesthesia, plus ether. Carcinoma of rectum. 

Test: February 25, patient unconscious and in shock; 1 c.c. phthalein, three 
hours after operation; catheterized. Phthalein excretion, 00.0 per cent. 

Test: February 26 — day after operation — patient better; 1 c.c. phthalein; 
excretion, 50.0 per cent. 
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This case shows total inhibition of phenolsulphonephthalein excre- 
tion up to five hours after operation, but return to nearly normal the 
next day. 

Case 2. — Man, aged 49; well nourished. 

Test: November 2, 1 c.c. phthalein; voided. Excretion, 56.8 per cent. 

Operation: November 3, 1 c.c. phthalein, three hours and seven minutes 
after operation; catheterized. Excretion, 39.3 per cent. 

Test: Day after operation, 1 c.c. phthalein, voided. Excretion, 57.0 per cent. 

Case 3. — Man, aged 19. Well nourished. Hernia. 

Test: November 7, 1 c.c. phthalein. Excretion, 69.4 per cent. 

Operation: November 10, hernia. 

Test: 1 c.c. phthalein while patient still unconscious; excretion, 00.0 per cent. 

Test: November 11 — day after operation — 1 c.c. phthalein. Catheterized. 
Excretion, 57.0 per cent. 

This is a return to nearly normal in twenty-four hours after a 
drop to zero. 

Case 4. — Man, aged 37, well nourished. Cholecystitis. 

Test: October 8, 1 c.c. phthalein; voided in two hours. Excretion, 66.6 
per cent. 

Operation : October 9, cholecystectomy. 

Test: October 9, 1 c.c. phthalein, six hours and thirty-five minutes after 
operation. Excretion, 40.3 per cent. 

Test: October 10, day after operation, 1 c.c. phthalein; voided. Excretion, 
80.5 per cent. 

In this case the output has not only returned to normal, but has 
even increased by 13.9 per cent, on the day following operation. 

The following case is interesting, as it was one of spinal anesthesia : 

Case 5. — Man, aged 69; well nourished. Op. litholapaxy. 

App. Time One Hour Excretion 

Day before operation 12 minutes 32.0 per cent. 

Four hours after operation 16 minutes 22.7 per cent. 

Twenty-eight hours after operation 8 minutes 44.4 per cent. 

This again shows a rebound to a figure higher than the preopera- 
tive one. 

THE EFFECT OF LAPAROTOMIES 

The following seventy-five cases are laparotomies which were in 
the series, not including inguinal and femoral hernias. Ventral hernias 
in scars and umbilical hernias, however, are included, as they can 
fairly be called laparotomies. In each case the second test was done 
within six hours of the end of the operation. This group includes 
widely differing procedures, from' simple exploration or rapid appen- 
dectomy to extensive intestinal resections or radical stomach surgery. 

Number of cases, 75. 

Average output before operation, 59.1 per cent. 

Average output after operation, 47.2 per cent. 

Difference 11.9 per cent. 

Decrease in output, 20.1 per cent. 

This is, as might be expected, slightly higher than the general 
, average decrease after ether. 
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THE EFFECT OF OPERATION ON CANCER CASES 

It was thought worth while to analyze this group, which includes 
all the cases of operation for malignant disease — mostly carcinoma, 
but with a few cases of sarcoma. The operations were of all sorts. 

Number of cases, 24. 

Output before operation, 54.1 per cent. 

Output after operation, 37.7 per cent. 

Difference 16.4 per cent. 

Decrease in output, 30.3 per cent. 

These figures seem to show two things: first, that in accordance 
with the patient’s more or less reduced condition which results from 
harboring such a growth, the output before operation is lower than 
normal; and second, that for the same reason the kidneys show the 
effect of the ether and operation more than the average. 

From our series of cases it would be possible to pick out many 
isolated ones, each showing some point or other of interest, but that 
would entail the use of a great deal of space and would not prove 
anything definitely, so that it does not seem advisable to do so at 
this time. 

CONCLUSIONS 

In drawing these conclusions we would state that by the term 
“renal function” is meant “renal function as shown by the phenolsul- 
phonephthalein test.” Also, that it does not seem possible to draw a 
sharp line between the effect of the anesthetic, and the effect of the 
operation per se, and this must be borne in mind in interpreting tlie 
results. 

1. The output of phenolsulphonephthalein by the kidneys grows 
progressively less with advancing years. 

2. There is a normal daily variation in phenolsulphonephthalein 
excretion, influenced by many factors, the normal limits of which 
cannot be defined. 

3. After operations under ether there is a decreased output of 
phenolsulphonephthalein, this decrease being greater in laparotomies 
than in the general average, and considerably greater in cancer cases. 

4. As a general proposition, the sooner after operation the test is 
done the greater will be the decrease, and the output will have returned 
to about normal in from twenty-four to forty-eight hours. 

5. The more ether that is used, and the longer the operation, the 
greater will be the decrease in phenolsulphonephthalein excretion. 

6. Certain cases will not show decrease, but either no change or 
increase. Just which cases do, or will do this, cannot be stated. 
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7 . Certain cases will show great decrease or almost total inhibition 
of the excretion without discoverable cause. Personal idiosyncrasy 
may enter into this. 

8. Shock will cause great decrease in phenolsulphonephthalein 
excretion. So also will any condition of much impaired vitality. 

9. There is no definite relation between decreased drug excretion 
and the occurrence of albuminuria after operation. 

279 Clarendon Street. 
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INTESTINAL OBSTRUCTION 


AN EXPERIMENTAL STUDY OF THE CAUSES OF SYMPTOMS 

AND DEATH * 

FRED T. MURPHY, M.D„ and BARNEY BROOK^ M.D. 

ST. LOUIS 

This experimental study was undertaken for the purpose of 
explaining certain apparent contradictions in the deductions drawn 
from experimental work on the development of symptoms and the 
cause of death in intestinal obstruction. Although a toxin has not 
been demonstrated in the blood, most observers believe that symptoms 
and death are the result of a toxemia. The source of the toxin and 
its physical and chemical properties have not been agreed on, and the 
manner by which the toxin is taken into the body has not been made 
clear. 

Without attempting an extensive review of the literature, the views 
held by certain recent workers will be briefly stated. 

Murphy and VincenU (1911) from experiments on cats, believe 
that symptoms and death in intestinal obstruction were the result of 
the elaboration and absorption of a toxic substance from the obstructed 
intestine. The toxic substance was believed to be a non-soluble sub- 
stance which was destroyed by boiling. They emphasized circulatory 
disturbance, especially venous obstruction, as a factor in causing acute 
and early symptoms. The toxicity of the loop content was tested with 
intestine obstructed for from four to six hours. They further believed 
that the toxin was the result of bacterial growth. 

Hartwell and Hoguet^ (1912) from experimental study on dogs, 
concluded that death in intestinal obstruction was due to the absorption 
of a toxic substance as a result of damage done to the intestinal 
mucosa. They draw no conclusions as to the source of the toxic sub- 
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N. J., June, 1914. ■ ... 

* From the Laboratory of Experimental Surgery, Washington University 
Medical School. 

1. Murphy and Vincent: Boston Med. and Surg. Jour., 1911, clxv, 684.^^ 

2. Hartwell, John A., and Hoguet, J. P. : Am. Jour. Med. Sc., 1912, cxliii, 
357 ; Experimental Obstruction in Dogs with Especial Reference to the Cause 
of Death and the Treatment by Large Amounts of Normal Saline Solution, 
The Journal A. M. A., July 13, 1912, p. 82; Jour. Exper. Med., 1913, xviii, 139. 
Hartwell, John A., Hoguet, J. P., and Beekman, Fenwick: An Experimental 
Study of Intestinal Obstruction, The Archives Int. Med., May IS, 1914, p. 701. 



FRED T. MURPHY— BARNEY BROOKS 


393 


stance. It is stated that it may be normally present or may result from 
stagnation. The severity of the symptoms they believe to be in direct 
ratio to the extent of the damage to the intestinal mucosa. The loss of 
body fluids is emphasized as a factor in the causation of death. The 
toxicity of the content of the obstructed bowel was not studied. 

V/hipple, Stone and Bernheim,® and Davis^ (1912, 1913, 1914) 
publish the result of experiments on dogs with intestinal obstruction. 
They believed that death after intestinal obstruction is due to the 
absorption of a toxin secreted by the intestinal mucosa, and that this 
toxic secretion can be derived from the bowel wall without a demon- 
strable change being present in the intestinal mucosa. The perverted 
secretion is held to be specific for the duodenum and high jejunum, 
and the toxin to be a soluble substance which is not destroyed by 
autolysis or boiling in non-coagulable fluid. The toxic material studied 
was obtained from simple obstruction of isolated duodenojejunal loops 
of from thirty-six to seventy-two hours’ duration. A characteristic 
symptomatology and pathologic change following the injection of the 
toxic intestinal content were described. 

To summarize: all these observers believe that death is due to a 
toxemia. Opinions are in conflict as to the solubility of the toxin 
and its filterability ; also as regards the origin of the toxic substance. 
In a toxemia, two factors must be present, the production of the toxin 
and the absorption of the toxin. The severity of the toxemia, that is, 
the symptoms depend on both factors. In the experimental work 
referred to, these two factors have not been clearly distinguished. The 
differences in opinion are not so striking when they are analyzed. 
For example, the opinion of Hartwell and Hoguet in maintaining that 
the severity of the symptoms depends on the extent of the damage to 
the intestinal mucosa is not necessarily opposed to that of Whipple 
and his co-workers in their statement that the toxin may be developed 
without great changes in the mucosa, for the reason that damage to 
the mucosa is essential to the absorption of the toxin as is proven by 
the fact that the toxin is not absorbed from the normal mucosa. Also 
the terms “damaged mucosa” and “perverted secretion” may not rep- 
resent different processes. The chemical and physical characteristics 
of the toxic material were studied by such different methods that vary- 
ing statements in regard to these properties are not surprising. 
Murphy and Vincent worked with the content of a strangulated 
obstruction of from four to six hours’ duration. Whipple, Stone, and 

3. Whipple, Stone and Bernheim: Bull. Johns Hopkins Hosp., 1912, xxiii, 
159; Jour. Exper. Med., 1913, xvii, 286; Jour. Exper. Med., 1913, xvii, 307; 
Ann. Surg., 1914, lix, 714. 

4. Davis, D. M. : Bull. Johns Hopkins Hosp., 1914, xxv, 33. 
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Bernheim worked with the content of isolated intestinal loops 
obstructed for from forty-eight to seventy-two hours without strangu- 
lation. That the toxicity and the characteristics of the intestinal con- 
tent should differ after a longer or shorter period of obstruction is 
not surprising. Thus,' when the problem of intestinal obstruction is 
reduced to its fundamentals, it seems that there is not such a wide 
difference between the opinions of the experimental workers, except 
as to source and the physical and chemical characteristics of the toxic 
material which is responsible for the symptoms and death, the appar- 
ently contradictory statements being more the result of undue emphasis 
on different factors, and the failure to distinguish clearly between the 
production and the absorption of the toxin. 

In this experimental study we have attempted to determine a 
proper relationship of the various factors and to reconcile, so far as 
possible, the differences in opinion, and^to determine more definitely 
the factors which lead to the production of this toxic substance. The 
experiments were carried out on dogs ; the operations were dotie under 
complete anesthesia with a careful aseptic technic. All animals which 
did not die from the toxemia were sacrificed by the administration of 
chloroform. Only one experiment of each subdivision is described 
in detail. A sufficient number of observations were made in each 
instance to satisfy us of the correctness of the conclusion, eighty-eight 
experiments being performed in this study. 

GROUP I. — closed duodenal OR HIGH JEJUNAL LOOPS 

To show certain characteristics of the intestinal contents after 
simple obstruction for from seventy-two to one hundred and two 
hours, and to define the pathologic changes and symptoms following 
the injection of this intestinal content into another animal. 

Experiment 35. — Dog. Weight, 8,400 gm. Laparotomy. Heavy tapes tied 
tightly around duodenum just distal to the pancreatic duct and around the 
jejunum about 30 or 40 cm. distalward. Gastro-enterostomy just distal to tape 
around jejunum. 

Twenty-four hours : Animal is up. Has not vomited. 

Forty-eight hours : Animal lies coiled up in cage. No vomiting. 

Seventy-two hours ; Animal found dead. Weight after death, 8,000 gm. 

Necropsy. — The abdominal cavity shows nothing abnormal except the 
obstructed loop. The remainder of the intestine is not distended. Content 
of the loop is a thick, paste-like fluid, slightly blood-tinged, and having a foul 
odor. Microscopic examination of the bowel wall shows a complete loss of 
mucosa except for a few of the deeper tubules. 

Experiment 48. — (a) Dog. Weight, 1,100 gm. Laparotomy. Jejunum sec- 
tioned twice at 10 cm. and 50 cm. distal- to duodenojejunal junction. The four 
ends turned in. Intestinal continuity ‘reestablished by lateral anastomosis 
between distal and proximal stump. Abdomen closed. The operation gave 
an isolated obstructed loop of jejunum. 
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Twenty-four hours: Animal is up. Does not look sick. 

Forty-eight hours: Animal is drowsy. Lies coiled up in cage. 

Seventy-two hours: Dog found dead. 

Necropsy. — Nothing abnormal found except in abdominal cavity. The peri- 
toneum is injected. There is some free fluid. The entire small intestine is 
distended, the jejunum more than the ileum. The mucosa of the duodenum 
and jejunum is swollen and red. . The isolated loop is tremendously distended 
and is discolored. There are several areas which are very thin and one pin- 
point perforation through which the loop content is escaping. The contents 
remaining consist of 75 c.c. of a thick, brown fluid of foul odor, 

(&) Of the fluid obtained from the loop, 15 c.c. was diluted to 30 c.c, with 
distilled water, and injected into the peritoneal cavity of a dog weighing 4,400 
gm. at 11 a. m. 

12 m. : Animal is vomiting. 

1 p. m. : Dog looks very sick. Vomiting and fluid stools. 

2 p. m. : Animal moribund. 

3 :30 p. m. : Dead. 

Necropsy. — ^The peritoneum is intensely injected. The mucosa of the stom- 
ach looks normal. The mucosa of the duodenum beginning sharply about 
0.5 cm. from the pylorus is swollen and has a deep red color. The jejunum 
shows a similar condition. The mucosa of the ileum and large intestine shows 
a less marked injection. Over the swollen, reddened mucosa of the duodenum 
and jejunum there is a thick, white exudate which can be lifted off in flakes. 

(c) Another portion of 15 c.c. of obstructed loop content was diluted to 
30 C.C. with distilled water. The container was placed in boiling water for 
ten minutes, the fluid being actively stirred. There was a heavy granular 
coagulum formed. The fluid was then boiled vigorously over a free flame 
for one minute. The supernatant fluid and the coagulum were injected into 
the peritoneal cavity of a dog weighing 4,700 gm. at 10:30 a. m. 

12 m, : Dog is up. 

1 p, m. : Animal looks very sick. Has not vomited. 

3 p. m. : Animal dead. 

Necropsy. — On opening the abdomen, there is a small amount of colorless 
free fluid. Peritoneum slightly injected. The coagulum of injected fluid lies 
in the omentum. The intestine is not notice&bly distended. The mucosa of 
the stomach is normal. The mucosa of the duodenum and jejunum is swollen 
and red. The mucosa of the ileum and colon is less injected. Culture made 
from the abdominal cavity gave no growth. 

(d) Of the remaining loop content, 40 c.c. was diluted to 80 c.c, with dis- 
tilled water. Centrifuged at high speed twenty-five minutes. The supernatant 
fluid was filtered through a coarse clay filter and the filtrate passed through 
a Berkefeld filter. A culture made from the filtrate showed no growth. Of 
this sterile filtrate, 30 c.c. (an amount which, taking into account the volume 
of the residue and the loss from evaporation, represented at least one-half 
of the material in solution in the diluted intestinal loop content) were given 
intravenously to a dog weighing 5,300 gm. at 9:45 a. m, 

10 :30 a. m. ; The animal looks sick. Has vomited twice. 

4 p, m. : The dog still looks drowsy. No more vomiting. 

The following morning, the animal did hot eat, but recovered during the 
day and showed no more symptoms. 

(^) The residue from the centrifugation of 40 c.c. of the obstructed loop 
fluid (d) was made up to 80 c.c. with distilled water, placed in bottle contain- 
ing several drops of toluol, and set aside at room temperature for forty days. 

At this time the fluid had separated into two distinct layers, a bottom layer 
of an opalescent fluid and a top layer of fat-like substance. The fluid at the 
bottom was filtered through a clay filter and the filtrate passed through a , 
Berkefeld filter. Culture of the latter filtrate gave no growth. Thirty c.c. 
of the filtrate was given intravenously to a dog weighing 5,700 gm. at 9 a. m. 
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11 a. m. : Animal looks sick. Has vomited several times, and has passed 
two fluid stools. 

1 p. m. : Dog looks very sick. 

6 p. m. : Animal looks distinctly better. 

The following morning the animal was sacrificed. Necropsy showed noth- 
ing noticeably abnormal. 

Experiment 36.— (o) Dog. Weight, 7,350 gm. Laparotomy. Tape tied 
around duodenum just below opening of pancreatic duct. Another tape placed 
around upper jejunum. Gastro-enterostomy just distal to distal tape. 

Twenty-four hours: Animal is up. Eats and drinks. Vomited once. 

Fifty-four hours: Dog is up. Seems slightly drowsy. Anesthetized and 
abdomen opened. Peritoneal cavity looks normal. The loop of bowel between 
the tapes is slightly distended. Peristalsis normal. Abdomen closed. 

Seventy-two hours : Dog is up. Eats and drinks. 

One hundred and two hours: Dog is up. Responds to attention. Weight, 
5,400 gm. Animal anesthetized. Abdomen opened. Peritoneal cavity normal. 
The obstructed duodenojejunal loop was excised. The duodenal and jejunal 
stumps turned in. The loop is moderately distended. Peristalsis present. The 
content of the loop measured 100 c.c. The fluid was a thick, paste-like material 
of foul odor. In gross the mucosa looked strikingly normal. On microscopic 
examination the mucosa was edematous, infiltrated with mononuclear and poly- 
morphonuclear leukocytes. The epithelial cells in deeper layers of the mucosa 
showed very little change; from the tips of the villi they were swollen or 
completely lost. 

(&) Of the fluid from the obstructed loop 5 c.c. were injected intravenously 
into a dog weighing 6,700 gm. at 10 a. m. 

10:30 a. m. : Immediately after recovery from ether, the animal began to 
vomit and pass fluid stools. 

12 m. : Animal moribund. 

2 p. m. : Dog having convulsions. 

2:30 p. m. : Dead. 

Necropsy. — Immediate. Abdominal cavity contained no free fluid. Intes- 
tines seemed full but not distended. The entire small bowel had a bluish 
color. Peristalsis very marked and the contractions rapid. There were no 
normally progressing waves. On opening the gastro-intestinal tract, the stom- 
ach looked normal. Beginning sharply at the pylorus and extending through 
the jejunum, ileum, and colon, the mucosa was swollen and of a deep red 
color. The lumen was filled with blood-tinged mucus. The liver, spleen and 
kidneys were full of dark blood. 

(c) The dog from which the obstructed loop was excised made an unevent- 
ful recovery and remained quite well for some weeks, when the animal died 
from perforation of the duodenal stump from a collection of meat bones. 

These observations justify the following statements : 

1. Dogs with isolated obstructed duodenojejunal loop die without 
infection of the general peritoneal cavity or any evidence that the 
cause of death is any other than factors immediately associated with 
the isolated obstructed loop. The symptoms which follow the opera- 
tion are fairly constant. For the first twenty-four hours after opera- 
tion, the condition of the animal is not different from that after any 
laparotomy. Usually at forty-eight hours, the animal appears drowsy 
* and does 'not eat and vomits. The animal may rapidly become more 
apathetic and die in from seventy-two to ninety-six hours. 
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2. Excessive vomiting or extreme loss in body weight are not nec- 
essarily factors in the symptoms as is shown by Experiment 35. 

3. That symptoms are not the result of the loss of function of 
the duodenum and upper jejunum as once held by Matthews, is proved 
by Experiment 36, in which the symptoms cleared up after total exci- 
sion of this part of the intestine. 

4. The content of the obstructed loop is a toxic fluid which, when 
introduced in comparatively small doses into the circulation of normal 
dogs, causes severe vomiting, fluid stools, and death. Associated with 
the symptoms, there is a characteristic pathologic picture which con- 
sists in an acute hemorrhagic enteritis, especially marked in the duo- 
denum and jejunum. 

5. The toxicity of the obstructed loop content is not destroyed by 
heating to 60 C. until sterile, or even by boiling. 

6. The toxicity of the fluid is very much decreased by filtration 
through a Berkefeld filter,- so that to produce death a dose of filtrate 
corresponding to several times the lethal dose of unfiltered fluid is 
necessary. 

7. The amount of filterable toxin is increased by prolonged 
autolysis. 

8. In no case did an animal show symptoms without demonstrable 
changes in the mucosa. 

GROUP II. — CLOSED LOOPS OF ILEUM 

To show that obstructed ileum may cause the same pathologic 
changes and symptoms as obstructed duodenum or jejunum. 

Experiment 41. — (a) Small dog. Laparotomy. Two tapes tied around the 
ileum at distances of about 10 cm. and 40 cm. from the ileocecal valve. The 
continuity of the intestinal lumen was reestablished by a lateral anastomosis 
between segments of the ileum proximal and distal to the closed loop. 

Twenty-four hours: Dog is up. Eats sparingly. 

Forty-eight hours: Animal is up. Has a diarrhea. Vomited several times 
during the day. 

Seventy-two hours : Found dead. 

Necropsy . — Abdominal cavity contained a small amount of free fluid. Peri- 
toneal inflammatory signs limited to region of entero-enterostomy. The iso- 
lated loop is moderately distended. There is a perforation and the intestinal 
content is passing into the peritoneal cavity. The stomach is not distended, 
and the mucosa looks normal. The small bowel is somewhat distended, and 
the mucosa of the duodenum and jejunum is swollen and red. The lumen 
of the intestine is filled with a thick, soup-like fluid. Microscopic examina- 
tion o£ the isolated loop shows extensive degeneration of the mucosa. Of the 
content of the loop, 5 c.c. of a thick, paste-like fluid of a foul odor was 
collected. 

(6) Of the loop content, 2 c.c. was given intravenously to a dog weighing 
4,100 gm. at 11 a. m. 

1 p, m,: Animal is lying down. Respiration deep. Looks very sick. Has 
vomited several times. 
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2 p. m. : Animal completely prostrate. Has passed several fluid stools con- 
taining blood. 

3 p. m. : Animal dead. 

Necropsy . — Abdominal cavity contains no free fluid. Stomach normal. ' The 
mucosa of the duodenum and jejunum is swollen and deep red in color. The 
mucosa of the ileum shows a less marked change. The large bowel contains 
a large quantity of blood-stained mucus. 

This experiment illustrates the fact that obstruction of an isolated 
loop of ileum may produce symptoms and death in seventy-two hours, 
and that the content of the obstructed loop is a toxic fluid which, when 
given intravenously, produces symptoms and pathologic changes iden- 
tical with those obtained from injection of the contents of obstructed 
duodenojejunal loops. That isolated obstructed loops of ileum may, 
under certain conditions, be compatible with life, has been demon- 
strated by Halsted and will be referred to again in this paper. It is 
significant in this experiment that examination of the loop wall showed 
marked nutritional changes. 

GROUP III. ISOLATED, OBSTRUCTED LOOPS WITH INTERFERENCE TO THE 

BLOOD-SUPPLY 

To show the effect of the circulatory disturbance on the develop- 
ment of symptoms and the formation of the toxin. 

Experiment 80. — Dog. Weight, 6,060 gm. Laparotomy. A tape was tied 
around the jejunum just below the duodenojejunal junction. Another tape 
tied 30 cm, distalward. The veins in the mesentery of the segment of bowel 
between the tapes were ligated. The bowel became immediately swollen and 
blue. Abdomen closed. 

Five hours: Animal vomiting. 

Seven hours : Dog looks desperately sick. Vomiting. 

Twenty-two hours: Found dead. 

Necropsy . — Showed the obstructed segment soft, friable. Content of the 
loop which consisted in a thick, bloody fluid, was emptying into the peritoneal 
cavity through a perforation. Peritoneum showed very little change. 

Experiment 40. — Small dog. Laparotomy. Thirty cm. of jejunum isolated. 
Ends turned in. The continuity of the intestinal lumen was reestablished by 
lateral anastomosis. The arteries in the mesentery of the isolated loop were 
ligated. The loop was completely wrapped up in omentum. 

Seven hours: The animal lies coiled up in cage. Does not respond to 
attention. No vomiting. 

Twenty-one hours : Dead. 

Necropsy . — ^The abdominal cavity contains blood-stained fluid. The isolated 
loop is completely surrounded by omentum. The loop is completely gangren- 
ous. It contains 20 c.c. of thick, blood-stained, paste-like material the usual 
odor. 

Experiment 84. — Dog. Weight, 4,200 gm. Laparotomy. Four tapes were 
tied around the upper portion of the jejunum so as completely to occlude three 
segments of the bowel. The circulation in the proximal segment was not dis- 
tubed. The veins in the mesentery of the middle segment and the arteries 
in the mesentery of the distal segment were ligated. The segment with the 
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venous occlusion immediately became swollen and hemorrhagic. The segment 
with the arterial ligation became pale. Abdomen closed. 

Two hours: Animal is vomiting repeatedly. Looks sick. 

Seventeen hours : Dog found dead. 

Necropsy . — ^The peritoneal cavity contains approximately 100 c.c. of a thin, 
blood-stained fluid. No evidence of peritonitis. ’ The segment of bowel with- 
out circulatory disturbance appears normal except immediately adjacent to 
tapes. The lumen contains about 1 c.c. of a mucus-like fluid which is blood- 
stained in the region of the obstructing tapes. The segment with the venous 
occlusion is distended, swollen, and dark red in color. ' The content consists 
of 40 c.c. of a thick, foul-smelling fluid, the color of a potassium permanganate 
solution. The segment of bowel with the arterial ligation is distended and 
yellowish-brown in color. The walls are thin. The contents consist of 15 c.c. 
of a slightly blood-stained, mucus-like material. With contents of the loops, 
the following experiments were carried out. 

(a) Of the contents of the segments with venous obstruction, 10. c.c. were 
given intravenously to a dog weighing 6,900 gm. at 10 :4S a. m. 

11:30 a. m, : Vomiting. Looks sick. 

3:15 p. m. : Vomiting. 

5 p. m. : The animal lies coiled up in cage. Does not respond to attention. 
Sacrificed. Necropsy showed the peritoneal cavity normal. The lumen of 
the intestine contains blood-stained mucus. There is a slight injection of the 
mucosa of the duodenum and jejunum. 

(&) Of the contents of the segment with venous obstruction, 20 c.c. 'was 
diluted to 40 c.c. with distilled water. Centrifuged twenty minutes. The 
supernatant fluid was filtered through paper and the filtrate again filtered 
through a Berkefeld filter. Amount of filtrate obtained, 23 c.c. The entire 
filtrate was given intravenously to a dog weighing 4,850 gm. Following the 
injection, the animal recovered immediately and did not show any symptoms. 
Three hours after the injection the animal ate a heavy meal. 

(c) Of the fluid from the segment with arterial obstruction, 6 c.c. was 
given intravenously to a dog weighing 5,700 gm. at 11 a. m. 

11:30 a. m. : Vomited. Passed stool. 

3 p. m. : Vomiting. Numerous fluid stools. 

5 p. m. : Dog is moribund. Sacrificed. Necropsy showed the bowel full 
of blood-stained mucus. The mucosa of the duodenum and jejunum was 
swollen and dark red in color. The ileum showed less change. 

(d) In this experiment, the fluid from the peritoneal cavity was not tested, 
but in other experiments it was found that the fluid accumulating in the peri- 
toneal cavity after strangulation of loops of bowel may be sterile at death, 
and such fluid may be given intravenously in large doses without producing 
symptoms. 

Three experiments prove the following statements : 

1. Animals with obstructed segment of bowel in which there is a 
disturbance in the blood-supply develop symptoms more rapidly and 
die in much shorter time than animals with obstructed segments of 
bowel in which there is no nutritional disturbance, 

2. The fluid accumulating in segments of bowel with vascular dis- 
turbance, especially arterial obstructions, is very toxic in a period of 
less than twenty-four hours, at which time an obstructed segment of 
bowel without vascular disturbance contains practically no content. 

3. The Berkefeld filtrate from the contents of an obstructed seg- 
ment of bowel with venous obstruction of twenty-four hours or less 
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duration, may be injected intravenously in healthy dogs in compara- 
tively large dose, without causing symptoms. 

GROUP IV. ISOLATED, DRAINED INTESTINAL LOOPS 

To contrast the amount of secretion from the jejunum with that 
from the ileum, and to show the influence of the difference in the 
amount of secretion in the production of symptoms. 

Experiment 10. — Dec. 18, 1912; Dog. Laparotomy. The jejunum was 
sectioned about 10 cm. distal to duodenojejunal junction and again 30 cm. 
more distalward. The ends of the proximal and distal stumps inverted and 
the continuity of the intestinal lumen reestablished by lateral entero-enter- 
ostomy. The distal end of the isolated segment was inverted and the proxi- 
mal end pulled out through a stab wound in the flank. Abdomen closed. 

Jan. 15, 1913: The animal made a good recovery, and is in good condition. 
The isolated loop is draining a clear fluid. 

Feb. 5, 1913: The animal is in good condition. At 1 p. m. under ether 
anesthesia the drained end was inverted and the skin closed over. 

Feb. 6, 1913 : Dog in good condition. Has shown no symptoms. 

Feb. 7, 1913: Animal vomited once. 

Feb. 8, 1913; Animal is up. Does not eat. Pulse 200. Animal looks sick. 
At 1 p. m. the incision was opened and the inverted distal end was opened. 
The isolated loop contained 100 c.c. of a thick, paste-like material having the 
typical foul odor of the obstructed loops. 

March 15, 1913: Following the drainage of the isolated loop, the animal 
recovered in three or four days to normal condition, and remained in good 
condition until to-day, when it was noted that the dog was somewhat drowsy 
and did not eat. The enterostomy has contracted to a small opening 1 mm. 
in diameter, through which is discharging a small amount of a thick, paste- 
like materal. Under ether anesthesia, the end of the ’isolated segment of 
bowel was pulled out so that the drainage opening was much larger. 

May 22, 1913 : Following the operation, the animal again became quite 
normal and healthy. The isolated loop is draining a thin, colorless fluid. 
To-day the drained end of the isolated loop was again closed by inversion. 

May 23, 1913; Animal is up. Does not eat. Vomited once. 

May 24, 1913 : Dog looks sick. Vomited several times during day. 

May 25, 1913 : Animal still vomiting. 

May 26, 1913 ; No vomiting. Drowsy. Temperature 102. Pulse 160. 

May 27, 1913 : Animal in same condition. Laparotomy. Peritoneal cavity 
normal, except for the isolated segment of bowel which is tremendously dis- 
tended with a yellowish white fluid. The end of the loop was brought out 
through a stab wound and left open. 

May 28, 1913 : Animal found dead. Necropsy showed the isolated' loop 
quite empty. There were areas of hemorrhage and congestion; otherwise 
abdominal contents normal. 

Of the fluid obtained from the loop, a culture showed abundant bacterial 
growth. Fifteen c.c. of the fluid were given intravenously to a dog weighing 
5,200 gm. The animal remained limp and died four hours later. Necropsy 
showed the abdominal organs tremendously congested. The mucosa of the 
duodenum and jejunum was swollen and red. 

Experiment 43. — Dec. 5, 1913: Strong dog. Laparotomy. About 20 cm. 
of the lower end of the ileum was isolated. The intestinal continuity was 
reestablished by end to end suture. The distal end of the isolated loop was 
inverted and the proximal end drawn through a stab wound in the flank. 

Dec. 23, 1913: Following operation, the animal had a profuse diarrhea 
which has now ceased. Eats well. Is gaining weight. The- enterostomy has 
contracted until it admits only a small probe. 
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Dec. 31, 1913 : Animal in excellent condition. The enterostomy has closed 
except for a small pin-point opening through which there is no visible dis- 
charge. Pressure on the surrounding tissue, however, caused a small drop 
of fluid to exude. 

Jan. 17, 1914: The dog is in excellent health. No visible drainage from 
isolated loop. An incision was made by the side of the sinus which seemed 
to communicate with the lumen of the isolated loop and a tape tied tightly 
around the bowel. Skin closed over tape. 

Jan. 21, 1914: Animal has remained in perfect health. No symptoms. The 
abdomen was opened and the isolated loop inspected. It has the appearance 
of quite normal bowel. Peristalsis present. Loop apparently empty. Abdomen 
closed. Subcutaneous tape which remained tightly tied around the bowel 
removed. 

March 15, 1914: Enterostomy completely closed. Animal healthy. 

April 16, 1914: The dog is in perfect health. Very fat. Weight, 16 kg. 
The enterostomy remains completely closed. Skin over site of drainage per- 
fectly smooth. Laparotomy. The isolated loop was delivered. It was slightly 
distended, especially at its distal (inverted) end. Peristalsis active. Careful 
examination showed that the loop was quite isolated and completely closed 
at both ends. The distal end of the loop was excised and the content removed. 
The content collected consisted of 35 gm. of a thick, white, paste-like material. 
The distal end of the loop was inverted. Abdomen closed. A culture from 
the content of the closed loop gave abundant growth of bacilli and cocci. 
Microscopic examination showed the material to consist of bacteria, exfoli- 
ated epithelial cells, and a granular detritus. 

Of the content of the closed loop, 2 gm. were diluted to 10 c.c. with dis- 
tilled water and injected intravenously into a dog weighing 4,600 gm. at 10 a. m. 

10:15 a. m. : Animal prostrate. 

11 a. m. : Looks desperately sick. No vomiting. Passed semisolid stool.' 

12 m. : Animal lies with muscles rigid. Blood-stained mucus passed per 
rectum. 

12:30 p. m. : Dead. 

Necropsy . — Peritoneum normal. Liver, kidneys, "and spleen congested. 
Entire small bowel has a bluish color. Mucosa of stomach normal. Begin- 
ning sharply at the pylorus, the mucosa of the duodenum is swollen and is 
a dark red color. The mucosa is covered by a layer of mucus. The jejunum 
shows .a similar condition. The injection of the mucosa of the ileum and 
colon is less marked. 

Original animal died third day after turning in loop end. 

These experiments illustrate that isolated, drained segments of 
jejunum differ from isolated, drained segments of ileum in the follow- 
ing manner : 

1. Isolated, drained loops of jejunum discharge constantly a rela- 
tively large quantity of a thin fluid, while isolated, drained loops of 
ileum discharge very little. 

2. Following the closure of such jejunal loops, the animal develops 
in the course of from seventy-two to ninety-six hours, symptoms of 
grave intoxication associated with marked distention of the occluded 
loop and an accumulation of a toxic content. The enterostomy of an 
isolated, drained loop of ileum may^ close and the loop may be com- 
letely occluded for long periods of time without signs of intoxication. 
Such a closure is associated with very little and a gradual distention 
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oi the bowel. The content of such a loop may be very toxic without 
the animal showing any signs of intoxication. Any operative proce- 
dure leading to damage of the mucosa results in symptoms. 

GROUP V, — ^THORACIC DUCT EXPERIMENTS 
To prove that the symptoms are due to a toxemia and to illus- 
trate the effect of strangulation or distention of the intestine on the 
absorption of the toxin. 

Experiment 38. — Large, strong dog. Cannula inserted into the thoracic 
duct at 10 a. m. Fluid from duct collected in sterile tubes. 

11:10 a. m. : Laparotomy. Two tapes tied around the jejunum so as to 
include about 40 cm. of intestine. All of the veins in the mesentery of the 
occluded loop ligated. Abdomen closed. 

11 :20 a. m. : Four minutes after ligation of first vein of mesentery, there 
was sudden change in the thoracic duct fluid. It became blood-tinged and 
on microscopic examination, showed numerous red blood-cells. 

1 :30 p. m. : Animal still alive. Fluid from the thoracic duct is dark-red 
color. Flowing slowly. Coagulates easily. 

3:30 p. m. : Animal died. 

Necropsy , — Chest normal. Abdomen contains 50 c.c. blood-stained fluid. 
Culture taken. Fluid saved. The obstructed loop is distended, tense, and filled 
with a thick, bloody fluid. The remainder of the intestine is contracted. The 
mucosa of the jejunum and duodenum above the proximal tape is injected and 
contains a thick, mucus-like fluid which was saved. The mesentery of the 
obstructed jejunal segment is thickened and hemorrhagic. The lymph-glands 
at the root of the mesentery are swollen, edematous, and blood-stained. 

The fluid from the thoracic duct before ligation of the mesenteric veins, 
measured 125 c.c.; after obstruction, 150 c.c. Cultures taken from thoracic 
duct fluid, taken every hour during experiment, showed no growth. Also cul- 
tures from the mesenteric lymph glands were negative. 

Two medium-sized dogs were not given food for twelve hours, and were 
used for the following experiments: 

(а) The fluid from the coagulated thoracic duct before the obstruction 
of the bowel (kept on ice over night) was pressed out and injected into 
jugular vein. The animal vomited once five minutes after injection, but showed 
no more symptoms. 

(б) The fluid from the thoracic duct after obstruction was gotten in a 
similar manner and injected into the jugular vein. The animal showed no 
symptoms. 

(r) Twenty c.c, of the peritoneal fluid given intravenously. Animal showed 
no symptoms. 

(d) Ten c.c. of the content of the segment of bowel above the proximal 
tape, diluted to 50 c.c. with distilled water, filtered through two layers of 
gauze. Filtrate (40 c.c.) injected intravenously. During the injection, animal 
became quite limp. One-half hour later animal had completely recovered and 
showed no more symptoms. 

(^) Ten c.c, of the content of the obstructed loop, diluted to 20 c.c, with 
distilled water, filtered through gauze, injected intravenously. The animal 
looked sick, and would not eat for twenty-four hours, but did not vomit or 
pass fluid stools. Complete recovery. 

Experiment 37. — Dog. Weight, 10,800 gm. Laparotomy. Tape tied around 
duodenum just distal to the opening of pancreatic duct. Another ^ tape tied 
around jejunum 40 cm. distal to duodenojejunal junction. Gastrojejunostomy 
distal to distal loop. Abdomen closed. Animal ran the usual course. At the 
end of ninety-six hours, animal was very toxic. Sacrificed. Occluded loop 
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was distended and contained 100 c.c. of a thick, paste-like material which was 
collected and used in the following experiment. 

A cannula was inserted in the thoracic duct of a strong dog. The fluid 
collected in sterile tubes. The abdomen was opened and a segment of jejunum 
was obstructed between tapes. The content of the ninety-six-hour obstructed 
loop was injected into the occluded loop, and the veins of the mesentery to 
the obstructed segment ligated. Following the ligation of the veins, the fluid 
from the thoracic duct became blood-stained. The fluid was collected for 
four and one-half hours, at which time the animal died. Amount obtained, 
75 c.c. 

The fluid was kept on ice over night, the fibrin was separated by squeezing 
through gauze. The entire filtrate was injected under local anesthesia into 
the jugular vein of a small dog at 9:30 a. m. 

10 a. m. : Animal vomiting. 

10:15 a. m. : Passed fluid stool. 

12 m. : Animal looks desperately sick. 

1 p. m. : Dead. 

Necropsy . — Chest contains a small amount of free fluid. Lungs are. 
edematous. No evidence of thrombosis or embolism. Peritoneal cavity nor- 
mal. Intestine markedly contracted in rings. Kidneys, liver and spleen con- 
gested. Stomach normal. Mucosa of duodenum and jejunum swollen and 
red. Mucosa of rectum and colon also injected. Ileum normal. 

Experiment 34. — Dog. Weight, 5,000 gm. Laparotomy. Tapes tied around 
upper jejunum, from 50 to 60 cm. apart. Gastro-enterostomy distal to distal 
tape. The animal developed the usual symptoms. Found dead after seventy- 
two hours. The content of the occluded loop was collected and used in the 
following experiment: 

Medium-sized dog. Cannula inserted in thoracic duct. Laparotomy. Tape 
tied around jejunum. The bowel was sectioned 40 cm. distal to tape and a 
large cannula tied in proximal end. Following the section of the bowel, the 
thoracic duct fluid became bloody, but in a few minutes became colorless 
again. The content of seventy-two-hour obstructed loop was injected into the 
isolated segment of jejunum. The cannula in the end of the bowel was then 
connected with water-bottle elevated four feet above the level of the abdo- 
men. This caused a marked distention of the isolated loop of jejunum and 
immediately following the distention, the thoracic duct fluid became blood- 
stained. The loop was kept distended and the fluid collected for six hours, 
at which time the animal died. The fluid from the thoracic duct became 
more blood-stained as the experiment progressed. Also five hours after 
beginning of distention, the content of the distended loop was blood-stained. 
At death, the distended loop was bluish red in color and quite flabby. Micro- 
scopic section showed almost complete destruction of the mucosa. 

The fluid which was collected from the thoracic duct, measured 75 c.c. 
Defibrinated and injected intravenously into dog weighing 3,800 gm. at 9 a. m. 
Animal recovered from anesthetic immediately. 

10 :30 a. m. : Passed formed stool. 

11 a. m, : Vomited large amount of food material. 

12 m. : Animal looks sick, shivering. No more vomiting. 

The animal recovered during the afternoon and seemed quite well next 
morning. 

These experiments illustrate the following points: 

1. Following occlusion of the veins to a segment of bowel, there is 
immediately hemorrhage into the lymphatics. There is also very 
quickly an extensive destruction of the mucosa and hemorrhage into 
the lumen of the bowel. 
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2. Similar changes follow rapid distention of the bowel from 
increased pressure within the lumen. 

3. With the introduction of the toxic contents of an obstructed, 
intestinal loop into the lumen of the bowel and the occlusion of the 
veins of loop containing the toxic fluid (Experiment 37), the fluid 
from the thoracic duct contains a toxic substance, which, when given 
to a normal dog, results in symptoms similar to those following the 
injection of the toxic loop content. The fact that such symptoms did 
not follow the injection of the fluid obtained from the thoracic duct 
after simple obstruction and ligation of mesenteric veins of a segment 
of normal bowel (Experiment 38), is probably a matter of dosage, 
for in the strangulated loops of six hours, the concentration of the 
toxin of the loop content is not great (Experiment 84). Another 
factor is also to be considered. From the fact that following acute 
venous stasis there is hemorrhage into lumen of the bowel and into 
the lymphatics suggests that there is free communication between the 
bowel lumen and the lymph-vascular system, but that this communi- 
cation is not as free as it seems is shown by the fact that bacteria do 
not pass into the circulation as evidenced by contents from the thoracic 
duct remaining sterile. This suggests that the toxin only passes into 
the circulation in a soluble form, and the content of a strangulated 
loop for a period of six hours contains very little toxic substance which 
will pass through a filter. In the case in which the thoracic duct fluid 
was collected after strangulation of bowel containing toxic fluid, the 
content was that obtained after ninety-six hours of simple obstruction, 
at which time there is more soluble toxic material. 

That the symptoms were not so severe following the injection of 
the thoracic duct fluid in Experiment 34 is also probably explained by 
dosage, for in this case the circulatory disturbance was not so rapid 
and the mucous membrane probably remained as a protective filter 
longer, as evidenced by the fact that the content of the distended 
loop was not noticeably blood-stained until five hours after the dis- 
tention. 

GROUP VI. GALL-BLADDER OBSTRUCTION 

To show that this toxin found in the content of obstructed, intes- 
tinal loops is not specifically a pro’duct of intestinal obstruction, and 
to show the influence of bacterial action on the production of this 
toxin in the gall-bladder. 

The gall-bladder is a hollow viscus, lined with secreting epithelial 
cells, and embryologically derived from the primitive intestine. Under 
normal conditions, it contains no bacteria, and it seemed possible that 
experimental obstruction of the gall-bladder with and without the 
presence of bacteria might throw some light on the relation of the 
bacteria to the production of the toxin in intestinal obstruction. 
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Experiment 72. — (a) March 14, 1914: Dog. Weight, 10,600 gm. High 
right rectus incision. Gall-bladder emptied of bile. The cystic duct with 
cystic vessels ligated. Ten c.c. of blood was aspirated from a small mesenteric 
vein and injected into the gall-bladder. The gall-bladder was then partially 
separated from the liver, so as to further interfere with its blood-supply. 
Abdomen closed. 

March 15, 1914: Animal is up. Looks well. No vomiting. 

March 16, 1914: Dog eats. Does not seem abnormal. Sacrificed. 

Necropsy. — Immediate. In the region of the gall-bladder there is a local- 
ized collection of blood-stained fluid. The gall-bladder looks gangrenous but 
has not ruptured. Excised en bloc. The contents consist of 6 c.c. of a thick, 
paste-like fluid. A culture taken gave no growth. Microscopic examination 
of the gall-bladder showed almost complete necrosis. 

(6) The entire contents of the gall-bladder immediately after removal 
were injected intravenously into a dog weighing 10,400 gm. at 10:45 a. m. 

11 :15 a. m. : The animal is still drunk from ether. No vomiting. 

12 m. : Dog seems perfectly normal. 

5pm.: Has shown no symptoms. No vomiting. No fluid stools. The 
animal was quite well the following day. 

Experiment 71.— -(a) March 11, 1914: Dog. Weight, 13.5 kg. Laparotomy. 
Gall-bladder emptied of bile. Cystic duct and vessels ligated. With a syringe, 
1 c.c. of duodenal contents aspirated. The material from the duodenum was 
mixed with 10 c.c. of blood aspirated from a mesenteric v^in and injected into 
the gall-bladder. Abdomen closed. 

March 12, 1914: Animal is vomiting. Looks sick. 

March 13, 1914: Dog found dead. 

Necropsy . — No free fluid in the peritoneal cavity. In the region of the 
gall-bladder there is a small amount of fluid. The gall-bladder is bluish red 
in color. Very little distended. The content consists of 2 c.c. of a thick, 
paste-like material. Microscopic examination of the gall-bladder shows almost 
complete necrosis. The mucosa of the duodenum and jejunum is swollen and 
red. There is a large quantity of mucus in the intestinal lumen. 

(6) The entire content of the gall-bladder was given intravenously to a 
dog weighing 5 kg. at 10 a. m. 

10:15 a.m. : Animal is up. 

10 :30 a.m. : Vomiting. Passing fluid stools. 

3 :30 p. m. : Animal is having muscle spasm. 

5 :30 p. m. : Animal is moribund. Sacrificed. 

Necropsy . — ^Abdomen contains no free fluid. Spleen, liver and kidneys 
congested. The mucosa of the duodenum and jejunum is swollen and red. 
There is a large quantity of frothy blood-stained mucus in the intestinal lumen. 

Experiment 73. — (a) March 17, 1914. Dog. Weight, 10 kg. Laparotomy. 
Gall-bladder emptied of bile. Jejunum aspirated. One drop of jejunal fluid 
mixed with 10 c.c.- of sterile water and injected into gall-bladder. Abdomen 
closed. 

March 18, 1914 : Dog has vomited several times. 

March 19, 1914: Animal does not eat. Anesthetized with very little ether. 
Abdominal wound opened. Gall-bladder distended. Dark blue in color. 
Excised en bloc. The content consists of 5 c.c. of a blood-stained fluid hav- 
ing the characteristic odor of obstructed intestinal contents. Abdomen closed. 
Microscopic examinations of the gall-bladder showed necrosis and infiltration 
with leukocytes. 

(6) The entire content of the gall-bladder was made up to 10 c.c. with 
distilled water. Placed in a thermostat at 60 C. for twenty-four hours. Culture 
taken gave no growth. The fluid was given intravenously to a dog weighing 
6.5 kg. at 10:30 a. m. 

11 :30 a. m. : Animal is up. Has shown no symptoms. 
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1 p. m. : Dog is lying down. Looks drowsy. Constantly protruding 
tongue as if nauseated. 

2 :30 p. m. : Animal has vomited twice. Looks sick. 

3 :30 p. m. : Animal still nauseated. Passed one semi-solid stool. 

The dog recovered without further symptoms, and seemed quite well the 
following day. These experiments show : 

1. The sterile gall-bladder of the dog can be obstructed and the 
blood-supply interfered with to the point of complete gangrene with- 
out the animal showing noticeable symptoms, and the fluid accumu- 
lating in such an obstructed gall-bladder can be given intravenously to 
healthy dogs without inducing symptoms. 

2. Following the obstruction and interference of nutrition of the 
gall-bladder containing the bacteria of the intestine, the animal shows 
symptoms identical with those of intestinal obstruction, and the fluid 
accumulating in the gall-bladder when administered intravenously, 
even after sterilization of 60 C., produces symptoms and a pathologic 
picture identical with that following the injection of the content of an 
obstructed segment of intestine. 

GROUP VII. — EXPERIMENTS^ ON A DOG IN WHICH A DRAINED JEJUNAL 

LOOP BECAME STERILE 

To show the effect of bacteria on the production of the toxin in 
obstructed intestine and to shov/ that the normal secretions of a drain- 
ing loop of intestine are not toxic' 

Jan. 23, 1913: Strong dog. Laparotomy. Jejunum sectioned near duo- 
denojejunal junction and again 30 cm. below. The continuity of the intestinal 
lumen reestablished by end to end suture. The distal end of the isolated seg- 
ment was inverted. The proximal end drawn through a stab wound in the 
flank and stitched to the peritoneum. Abdomen closed. 

Feb. IS, 1913 : Animal made an unusually good recovery, and is now 
healthy. The opening of the isolated segment of jejunum is open and there 
is a constant discharge of a thin, colorless fluid. A mushroom catheter was 
introduced into the isolated segment. The loop seemed quite empty.^ By push- 
ing the catheter in and out, there was a marked increase in the peristalsis and 
the rate of secretion. The peristalsis waves drew the catheter inward. 

Six c.c. of the secretion was collected and injected into the peritoneal cav- 
ity of a guinea-pig. The pig showed no symptoms. 

Feb. 24, 1913 : Animal healthy. Drained loop in same condition. By means 
of a catheter, 20 c.c. of the loop secretion was collected. Incubated at^ 37 C.‘ 
for seventy-two hours. Of the incubated fluid, 5 c.c. injected into peritoneal 
cavity of a guinea-pig. Guinea-pig dead in twenty-four hours. 

The remaining 15 c.c. of fluid heated in thermostat twenty-four hours at 
70 C. Incubated twelve hours at 37 C. Heated again twenty-four hours at 
65 C. Of this fluid, 5 c.c. were given intraperitoneally to a guinea-pig. Pig 
dead in twenty-two hours. Culture of fluid injected gave no growth. Cul- 
ture from peritoneal cavity of pig after death gave a growth. 

Oct. 15, 1913 : Animal is in excellent health. Enterostomy is open and is 
constantly draining a thin colorless fluid. Peristalsis active and waves in 
normal direction. A culture made from some content aspirated from the 
isolated, drained loop remained sterile. 

Oct. 20, 1913: Thirty c.c. of the isolated loop secretion was given intra- 
venously to a small dog. The animal showed no symptoms. 
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Dec, 4, 1913: Three more cultures made at intervals from the secretion 
of the isolated jejunal loop have remained sterile. The animal is in excellent 
condition. Anesthetized, Laparotomy. The isolated loop was delivered and 
obstructed by a clamp made from two short glass rods covered with rubber 
tubing. An attempt was made to tie the clamp just tight enough to obstruct 
the lumen without causing necrosis. Abdomen closed. 

Dec. 5, 1913 : Animal is up. Eats. Seems quite well. 

Dec. 8, 1913 : The dog has remained quite well. Has not shown any 
symptoms. Laparotomy (one hundred hours after obstruction of intestine). 
On opening the peritoneum, a small amount of a cloudy fluid escaped. Culture 
from this fluid remained sterile. The isolated loop was delivered. It was 
found that the obstructing clamp had completely severed the bowel. The ends 
of the bowel apparently occluded by adherent omentum. The isolated loop 
of bowel inside of the clamp was not distended. The content consisted of 
10 c.c. of a thin, colorless fluid which was carefully collected. Both ends of 
the severed bowel were inverted. Abdomen closed. 

Of the content of the bowel a culture was taken which remained sterile. 
Five c.c. of the content were given intravenously to a dog weighing 6,250 gm. 
The injection was done without an anesthetic. The animal showed no 
symptoms. 

Dec. 9, 1913 : The dog with the isolated, obstructed loop eats, but looks 
sick. Has vomited several times. 

Dec. 10, 1913 : Dog does not eat. Vomiting. 

Dec. 11, 1913: Animal looks slightly better. No vomiting. Laparotomy. 
On opening the laparotomy wound there was an escape of a purulent fluid. 
Abscess well localized at region of wound. The obstructed jejunal loop is tre- 
mendously distended. Bluish red in color. Peritoneal coat friable. Excised 
en bloc. Abdomen closed. 

A 'culture of the content of the loop was made by aspirating through a 
sterilized area. The content consisted of 100 c.c. of a thick, viscid, blood- 
stained material with a slightly disagreeable odor. 

Of the fluid, 10 c.c. were given intravenously to a dog weighing 4,500 gm. 
Local anesthesia. At the end of the injection the animal showed a marked 
respiratory difficulty. This respiratory difficulty increased and the animal died 
in thirty minutes. Necropsy showed a marked cardiac dilatation. The lungs 
were almost solid from edema. The bronchi were filled with a frothy material. 
No evidence of embolism or thrombosis. 

To another animal, 5 c.c. was given intravenously. The animal was observed 
for one and one-half hours, during which time there was a marked respira- 
tory difficulty. No vomiting. No fluid stools. The animal seemed quite well 
the following day. 

The culture from the obstructed loop content gave an abundant growth on 
agar. The growth was “plated” on agar plates. The only organism which 
could be grown was a Gram-negative streptococcus. Subsequent intravenous 
‘injection in a dog of a broth culture of this organism did not produce 
symptoms. 

The animal from which the obstructed loop was excised made an uninter- 
rupted recovery. 

1. The secretion of a well-draining jejunal loop, after the complete 
healing of the traumatism, incident to a creation by operative proce- 
dure, may produce no symptoms when given, injected intraperitoneally 
in guinea-pigs or intravenously in dogs, in doses larger than the lethal 
dose of occluded jejunal loop content. 

2. After continued drainage a jejunal loop may become sterile, 
in which case complete occlusion may persist for a period longer than 
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is consistent with life with similar occlusion of such loops containing 
bacteria, without the animal showing symptoms and without the accu- 
mulation of a toxic content. 

3. After infection of the isolated loop, continued obstruction leads 
to symptoms and the accumulation of a toxic content. 

4. It is significant in this case that the toxic content, when given 
intravenously to a healthy dog, produced symptoms and a pathologic 
picture different from that seen after intravenous injection of the con- 
tent of ordinary occluded jejunal loops, and that the bacteria in the 
infected loop were not those of the normal intestinal tract. The possi- 
bility of the toxins produced differing under different conditions will 
be referred to again in the discussion of the toxic substance obtained 
from the incubation of excised segments of jejunum in the thermostat. 

GROUP VIII. — TOXINS FROM INCUBATION OF SEGMENTS OF INTESTINE IN 

THE THERMOSTAT 

To show that a toxic substance may be produced by the incubation 
of an intestinal segment which produces symptoms, death, and the 
same pathologic changes as are produced by the toxin from an 
obstructed intestinal loop. 

Experiment 66. — (a) From a dog 50 cm. of duodenum and upper jejunum 
was excised. The lumen of the excised segment was filled with blood and 
placed in a thermostat at 37 C. and allowed to remain six days. In the 
autolysis a large amount of gas was formed. The end product was a foul- 
smelling mass of friable solid tissue, and a reddish-violet liquid. The fluid 
was separated by filtration through gauze. 

(b) Of the fluid, 10 c.c. was injected intravenously into a dog weighing 
10,000 gm. at 10 a. m. 

12 m. : Animal is up. No vomiting. No fluid stools. 

12:30 p. m. : Dog is vomiting. 

1 :30 p.m. : Dead. 

Necropsy. — Abdomen contains no free fluid. The intestine is in a state 
of spastic contraction. The stomach contains several round worms. Mucosa 
normal. The mucosa of the duodenum and jejunum is swollen and has a 
deep-red color. The mucosa of the ileum is not so markedly injected. 

(c) Twenty c.c. of the fluid was diluted to 40 c.c. with distilled water. 
Centrifuged ten minutes. The supernatant fluid was filtered through a coarse 
clay filter, and then through a Berkefeld filter. Culture of the filtrate remained 
sterile. 

Of the filtrate, 20 c.c. was given intravenously to a dog weighing 7,000 gm. 
at 10 a. m. 

> 11 a. m. : Animal is up. Has vomited once. 

1 p. m. : No more vomiting. 

2 p. m. : Animal is vomiting. 

3 p. m. : Desperately sick. Incessant vomiting. Numerous fluid stools. 

4 p. m. : Dead. 

Necropsy. — Peritoneal cavity normal. Marked congestion of liver and 
spleen. The stomach is quite normal. The mucosa of stomach is^ normal. The 
mucosa of the duodenum and jejunum is swollen and deep red in color. The 
ileum and colon show a less marked change. The intestinal lumen contains 
a large amount of mucus. 



FRED T. MURPHY— BARNEY BROOKS 


409 


(rf) Ten c.c. of the fluid from the autolyzed loop was diluted to 30 c.c. 
with distilled water. The mixture was boiled over a free flame ten minutes. 
A sufficient amount of coagulum formed to preclude the possibility of inject- 
ing the material intravenously. The entire material was injected intraperi- 
toneally into a dog weighing 8,200 gm. at 10 a. m. 

1 p. m. : Animal is up. No vomiting. No fluid stools. 

5 p. m. : Dog has been drowsy during day. No vomiting. No fluid stools. 

The following day the animal looked sick. Did not eat. Sacrificed. 
Necropsy showed the injected coagulum imbedded in the omentum. The peri- 
toneum is injected but shows no evidence of infection. The mucosa of th*^ 
intestine is quite normal. 

Experiment 67. — (a) From a freshly sacrificed dog, 50 cm. of duodenum 
and jejunum was excised. The excised loop was distended with SO c.c. of 
sterile water and placed in a thermostat at 37 C. for seventy-two hours. The 
autolysis resulted in the production of large quantities of gas, and finally a 
putrid mass of friable material and a thin, cloudy fluid. The fluid was sepa- 
rated from the larger pieces of solid matter by filtering through gauze. 

(6) 2.5 c.c. of the fluid was given intravenously to a dog weighing 5 kg. 
at 10 a. m. 

11 a. m. : Dog vomited once immediately after recovering from the 
anesthetic. 

11:30 a. m. : Animal very sick. Marked respiratory difficulty. Died. 

Necropsy . — Lungs show marked edema. Bronchi full of frothy fluid. No 
evidence of embolism or thrombosis. Heart dilated, filled with blood. The 
intestines show exaggerated peristalsis. The duodenal mucosa seems a trifle 
redder than normal. 

To prove that the above death was purely a toxic death, 10 c.c. of the 
fluid was given to another dog weighing 6.2 kg., intraperitoneally. The ani- 
mal died in thirty minutes, showing the same symptoms and the same patho- 
logic picture after death. 

(c) Ten c.c. of the fluid from the autolyzed loop was placed in a thermostat 
at 60 C. and allowed to remain twenty-four hours. Of this fluid a culture 
remained sterile. Five c.c. given intravenously to a dog weighing 5,890 gm. 
at 10 a. m. 

12 m. : Animal is up. No vomiting. No fluid stools. 

2 p. m. : Dog looks drowsy. 

3 :30 p. m. : Animal in same condition. No vomiting. No fluid stools. 
No respiratory difficulty. 

The following day the animal had completely recovered. 

In Experiment 66, the incubation of a segment of duodenum and 
jejunum in a thermostat at 37 C. resulted in the production of toxic 
fluid which, when injected intravenously into a healthy dog, produced 
symptoms and a pathologic picture identical with that following 
administration of the contents of an occluded intestinal loop during 
life. Furthermore, the sterile Berkefeld filtrate acted in a similar 
manner. The toxic fluid differed from that of occluded duodeno- 
jejunal loops in that its toxicity was markedly lowered by boiling. 

In Experiment 67, the incubation of a duodenojejunal segment in 
a similar manner resulted in the formation of a toxic fluid which, when 
introduced intravenously or intraperitoneally, produced symptoms and 
a pathologic picture differing from that produced by the administration 
of the content of an occluded segment of intestine. The toxicity of the 
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fluid was in this instance markedly changed by heating at 60 C. for 
twenty-four hours. 

These experiments show that the toxic fluid resulting from the 
autoputrefaction of loops of bowel differs when there is no apparent 
difference in the condition under which the putrefaction takes place. 
That the placing of blood in the intestinal loop in Experiment 66, 
and water in the autolyzing loop in Experiment 67 was not responsible 
for the difference in the toxic fluid was proven by an additional part 
of Experiment 67 not described in detail, in which an adjoining seg- 
ment of jejunum to that excised and distended with water, was 
excised, filled with blood, and autolyzed the same length of time. The 
fluid obtained gave the same symptoms and pathologic lesions as that 
obtained from the loop filled with blood. That the two loops produced 
a toxic fluid with similar properties suggests that the bacterial flora 
may be the variable factor. 

This characteristic clinical and pathologic picture, seen after the 
injection of the toxic contents of a loop of obstructed intestine or 
after the injection of the products of autoputrefaction of an intestinal 
segment, is identical with that which has been found after the injec- 
tion of certain ptomain poisons. A preliminary chemical examination, 
which will be extended, indicates that the toxin may belong to. the 
same group of poisons which was isolated by Faust^ in his study of 
the ptomains. 

It is also interesting to note that the character of the putrefactive 
process is different from that seen in the lumen of the bowel after 
simple occlusion of an isolated loop in the living animal. For example, 
in the former there is a tremendous amount of gas produced which is 
never seen in the latter. In case the arteries to an isolated, obstructed 
loop are tied, gas is formed. We have never seen gas in an occluded 
jejunal loop in which the veins were tied. 

GROUP IX. EXPERIMENTS TO TEST THE RELATIVE IMPORTANCE OF THE 

TWO FACTOR.S, PRODUCTION OF TOXIN AND ABSORPTION OF 
TOXIN, IN THE CAUSATION OF SYMPTOMS 

Experiment 85. — Dog. Laparotomy. Tape tied around duodenum below 
pancreatic duct opening. Another tape tied around jejunum, 20 cm. below 
duodenojejunal junction. Thirty c.c. of the content of an isolated obstructed 
loop of jejunum of seventy-two hours’ duration injected into the lumen of 
the occluded segment of bowel. Gastro-enterostomy, distal to distal tape. 
Abdomen closed. 

Twenty-four hours : Dog is up. Does not eat. 

Forty-eight hours : Animal dead. Necropsy shows the occluded loop 
tremendously distended with foul fluid. 


5. Faust : Arch. f. exper. Pathol, u. Pharmakol., 1904, li, 248. 
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Experiment 86. — Dog. Laparotomy. Two tapes tied tightly around the 
jejunum so as to include from 30 to 40 cm. of its proximal portion. Veins 
in the mesentery of obstructed segment ligated. Abdomen closed. 

Seven hours: Animal vomiting. 

Twenty-two hours ; Died. 

Experiment 87. — Dog. Laparotomy. Two tapes tied tightly around high 
jejunum so as to include between them from 30 to 40 cm. of bowel. 
Seventy-five c.c. of the toxic content from an obstructed jejunal loop of 
seventy-two hours’ duration injected into the lumen of the bowel between the 
tapes. The veins in mesenterj'^ of the occluded loop ligated. Abdomen closed. 

Three hours : Animal vomiting. 

Nineteen hours : Animal died. 

These experiments show that the introduction of toxic fluid into 
the lumen of occluded intestinal loops with and without strangulation 
does not materially decrease the length of life after intestinal obstruc- 
tion. In Experiment 85, in which several times the lethal dose of 
toxic fluid for intravenous administration was introduced into the 
occluded loop, the animal lived forty-eight hours. Animals having the 
same operation with no toxic fluid usually live forty-eight to seventy- 
two hours. In Experiment 87, in which a large amount of toxic 
material was introduced into the lumen of a strangulated loop of 
bowel, the length of life was only three hours less than in Experiment 
86, in which the same operation was done except no toxic material 
was introduced into the obstructed bowel. Hence in the causation of 
symptoms, the factors leading to the absorption of the toxin are rela- 
tively more important than those of the production of the toxin. This 
fact has an important bearing on the surgical treatment of intestinal 
obstruction. 

SUMMARY 

Certain of these experiments were repetitions of those of other 
investigators. They were necessary in order to confirm or refute the 
previous observations and to form a complete series from which con- 
clusions could be drawn concerning the symptomatology and pathology 
of intestinal obstruction, as well as the reasons for the conflicting 
views which exist regarding the origin and nature of the toxin in 
intestinal obstruction and the way in which it is absorbed. 

This study justifies the following conclusions: 

1. In intestinal obstruction, the content of the obstructed bowel 
contains a toxin which, when absorbed in sufficient amounts, produces 
definite symptoms and pathologic lesions and death. 

2. The toxins are the result of bacterial growth. They are not 
specific for any part of the intestinal tract, and may be formed in the 
gall-bladder. 

3. The chemical and physical characteristics of the toxic substance 
may vary with the length of time which the obstruction has existed as 
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well as with the different conditions under which the obstruction 
occurs. 

4. This toxin may enter the circulation by way of the thoracic duct. 

5. Death after intestinal obstruction is the result of a toxemia 
which may be independent of infection of the peritoneal cavity or gen- 
eral circulation. 

6. This toxic substance does not pass through a normal mucous 
membrane. 

7. In the production of symptoms the factors which make this 
absorption possible are more important than the factors which pro- 
duce the toxin. 

8. Interference with the circulation of the obstructed intestine is 
an essential factor in allowing this abnormal absorption. 

9. Simple obstruction of a segment of duodenum or jejunum 
results in earlier and severer symptoms than similar obstruction of a 
segment of ileum because the secretion into the lumen of the former 
leads to rapid distention and circulatory disturbance in the bowel wall. 

10. The symptoms and pathologic lesions following the intravenous 
administration of the contents of a segment of bowel after obstruction 
are the same as those described resulting from intravenous injection 
of certain of the ptomain poisons. 

11. In the surgical treatment of cases of intestinal obstruction, that 
part of the intestine with a mucous membrane which has been so dam- 
aged as to permit of abnormal absorption should be resected rather 
than drained. 



A WORKING HYPOTHESIS OF HEMOGLOBIN PIGMENT 

METABOLISM * 


T. ADDIS, M.D. 

SAN FRANCISCO 

In the following pages arguments in favor of the view that hemo- 
globin pigment is produced and decomposed in the liver are presented. 

This view was suggested by work which has already been published 
from this laboratory, and to some extent the evidence in favor of it is 
drawn from that source. New work has been started on the basis of 
this hypothesis along several lines, but there are so many questions 
raised, which circumstances prevent us from attempting to answer, 
that it seemed better to present what evidence we have at present. 

It is claimed that those data which we already possess are har- 
monized and rendered intelligible by the adoption of this view, and 
that there is sufficient evidence to justify its acceptance as a working 
hypothesis. 

As it was in the hope that applications to clinical medicine might be 
found that the subject was approached, special stress has been laid on 
the possibilities opened up along these lines. 

THE DECOilPOSITION OF HEMOGLOBIN PIGMENT 

One of the outstanding features of blood metabolism is its intensity, 
the rapidity with which it is continually being broken down and rebuilt. 
We have no means of measuring exactly the rate of hemoglobin 
decomposition and regeneration, but from the data which we possess 
it has been calculated that not less than 7 per cent, of the total red 
blood-cells are daily disintegrated in the body. Each individual red 
blood-cell, therefore, lives for about fourteen days. What is then its 
fate ? 

It would seem that there are special cells distributed throughout the 
body whose function it is to remove decrepit red blood-cells from the 
blood-stream. These are endothelial phagocytic cells which may differ 
considerably in morphology, but are united in possessing certain func- 
tional capacities. Thus they take up finely suspended “vital” stains, or 
colloidal metallic solutions, when these are injected into the blood- 
stream, and they have some connection with cholesterin metabolism, 

* Submitted for publication Sept. 14, 1914. 

* From the Laboratorj^ of the Division of Medicine, Stanford University 
Medical School. 
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for the doubly refractile droplets characteristic for this substance may 
be demonstrated within them. 

They are situated in the sinuses of the spleen especially, to a less 
extent within the capillaries of the lymphatic glands and bone-marrow, 
and stretching across the lumen of the capillaries they constitute in the 
liver, the Kuppfer or stellate cells. 

The cells of this type may be seen to engulf the red blood-cells, and, 
as the work of Bain^ and of Baton and GoodalB indicates, it is the old 
and damaged corpuscles which are thus taken up. Within or near the 
endothelial cell the corpuscle breaks down. There is evidence that in 
the spleen at least the hemoglobin which is thus set free is excreted into 
the blood plasma. And the special function of the Kuppfer cells is not 
only to phagocytose red blood-cells, but also to take tip the free hemo- 
globin which is brought to it in the form of a fine emulsion from the 
splenic vein. The droplets of hemoglobin have been seen to pass from 
the Kuppfer cells into the liver cells. 

This liberation of hemoglobin from the corpuscles is the first step 
in the process of hemoglobin pigment decomposition. The next is 
probably the detachment of the pigment moiety hemochromogen — from 
the protein globin. Hemochromogen can be readily separated from 
globin by hydrolysis outside the body, and by the action of hydrochloric 
acid, a stable substance — hemin — is produced with altering its essential 

HC CH 

constitution, in which four pyrrol nuclei [ j | j are linked to 

HC CH 

\ / 

NH 

an atom of iron. 



II II 

HOOC— HaC— HaC— C=C— CHa 


ffsC 


— C=J— CHa — OHa— COOH 


Hemin 

The hemoglobin pigment which is thus set free is converted into 
bilirubin. This is the most important change which it undergoes, but 
it is the one about which we know least. No one has succeeded in 
repioducing the necessary reactions outside the body, either in per- 


1 Bain : Jour. Physiol., 1903, xxix, 352. 

2 Paton and Goodall; Jour. Physiol., 1903, xxix, 411. 
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fusion, autolytic or digestion experiments, and there is consequently a 
gap in our knowledge of the chemical processes which are involved. 
The proof that hemoglobin pigment is the source of the formation of 
bilirubin rests on experiments which show that when hemoglobin pig- 
ment is injected into the blood-stream it produces an almost quantitative 
increase in the bilirubin excreted in the bile. But although we do not 
understand the manner in which the conversion is accomplished, we can 
see the extent and nature of the change by comparing the formulae of 
hemin and of bilirubin. 



aooc— H»C— HaC— C C-^CHa 


HaO 0- 


NH 


-C— CH=:CH3 

II 

J3-OH 



HaC~0 


0 CHa 
C-“CHa"“ CH 


COOH, 


Bilirubin 


The four pyrrol nuclei are still present, but the iron has gone, and 
there is more oxygen present. 

Where does the change of hemoglobin pigment into bilirubin take 
place ? 

A short time ago there would have been few who would have had 
any hesitation in maintaining that it was in the liver cell alone that this 
transformation occurs, although it was admitted that in old blood 
extravasations a substance indistinguishable from bilirubin was occa- 
sionally found. 

There is still no doubt that the liver cell under normal conditions 
is the place where bilirubin is formed. But since the work of Whipple 
and Hooper^ and of McNee* has appeared, it must be admitted that in 
all probability, bilirubin can be formed elsewhere, for they have suc- 
ceeded in producing icterus in the absence of practically the entire liver. 
This extrahepatic icterus of Whipple and of McNee’s experiments finds 
its clinical counter-part in the cases of hemolytic jaundice in which with 
no diminution or hindrance to the excretion of bilirubin in the bile, 
there is, nevertheless, a more or less marked degree of icterus. Widal, 
some years ago, pointed out that the discarded theory of hematogenous 
jaundice was the only one which could account for such cases. And, 
as in Banti’s disease, we may reasonably postulate a hyperactivity of 
the hemolytic function of the endothelial phagocytic cells, so also there 
is some evidence for the hypothesis that in ‘‘hemolytic jaundice” con- 


3. Whipple and Hooper: Jour. Exper. Med., 1913, xvii, 593 and 612. 

4. McNee: Jour. Path, and Bacteriol, 1914. xviii, 325. 



416 


THE ARCHIVES OF INTERNAL MEDICINE 


ditions are present which allow this group of cells to assume in part 
the function of bilirubin formation. 

The final stage in the decomposition of hemoglobin is the conver- 
sion of bilirubin into urobilinogen. This is an entirely extracellular 
process which takes place in the intestine. There the bilirubin begins 
to undergo a change which is the reverse of the process by which it was 
formed from hemoglobin pigment, in that it is essentially a reduction. 
Urobilinogen can be made from bilirubin outside the body by the use 
of strong reducing agents, and its formation in the intestine is no doubt 
favored by the relative absence of oxidation reactions there, but as yet 
we know little about the conditions under which it is produced. Hans 
Fischer and Rose® have succeeded recently in isolating it and give the 
following formula: 


HaC— HsC— C C— CHa 

II II 

H— C 


NH 

HO— '^C 

II II 

HOOO— HaC— HaC— C C— CHa 



HaC— 0 C— OHa — CHa 


.0“0H 


•C" >0--CH3 

HaC— C C— CHa — CHa — COOH 


Urobilinogen 

Urobilinogen contains a hydrogen atom attached directly to a carbon 
atom of one of the pyrrol rings and on account of this grouping, it 
reacts with paradimethylaminobenzaldehyd to form a red pigment 
which has a characteristic absorption spectrum. 

By making use of this reaction, changes in the amount of urobi- 
linogen in a solution under different conditions can be readily followed. 
Such studies immediately show that urobilinogen is not an end-product 
of hemoglobin metabolism. It is an extremely unstable body which 
readily takes up oxygen, and loses the capacity to form the red pigment 
with paradimethylaminobenzaldehyd. In its place there . appears the 
pigment urobilin which has certain spectroscopic characteristics which 
allow of rough estimation. 

The studies of Hans Fischer and Meyer-Betz® indicate that the for- 
mation of urobilin depends on the union of two molecules of uro- 
bilinogen under the influence of oxygen, a reaction analagous to the 
production of indican by the oxidative polymerization of indoxyl sul- 
phates. The reaction may be expressed schematically thus : 

Urobilinogen + oxygen ■+■ urobilinogen = urobilin. 

The reduction of bilirubin to urobilinogen in the intestine is com- 
plete. No evidence could be obtained that the conversion stops in man 

5. Fischer and Rose: Ztschr. f. physiol. Chem., 1914, Ixxxix, 255. 

6. Meyer-Betz: Ergebnd. inn. Med. u. Kinderkr., 1913, xii, 733. 
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at substances intermediary between bilirubin and urobilinogen, although 
in the dog it would seem probable that this occurs. But the process 
does not stop with urobilinogen, so that human stools practically always ^ 
contain a varying amount of urobilin before they are passed. As soon 
as the stool is exposed to the action of the oxygen of the air, the for- 
mation of urobilin goes on more rapidly, especially under the influence 
of light. This explains the familiar fact that after a stool has stood for 
some time, it is darker on the surface than in the central unexposed 
parts. The colorless urobilinogen has been turned into the brown 
pigment urobilin. 

Should. we then look on urobilin as the end-product of hemoglobin 
metabolism? We cannot do so if we define an end-product as a final 
cleavage product which cannot be made use of or further changed in 
the body. 

Urobilin is not a fixed substance. Its instability has, so far, not 
allowed of the determination of a constitutional formula, and we do 
not know with certainty the products of its change. But we do know 
that the same conditions which favor the conversion of urobilinogen 
into urobilin also bring about the disappearance of the urobilin itself. 

I believe that this is a very important fact and that it is the key to the 
understanding of the whole subject. It will be returned to in con- 
sidering the formation of hemoglobin. 

In summing up our knowledge of the decomposition of hemoglobin 
pigment we may conclude that, under normal conditions, hemoglobin 
is liberated from the old red blood-cells by phagocytic endothelial cells ; 
that the hemoglobin thus set free passes into the blood plasma and 
is taken up by the Kuppfer cells which pass it on to the liver cells. 
Here the pigment is separated from globin, and after removal of iron 
and undergoing intramolecular changes which involve the addition of 
oxygen, is converted into bilirubin. The bilirubin passes into the intes- 
tine, and is reduced to urobilinogen, which again in part is polymerized 
to urobilin. 

THE FORilATION OF HEMOGLOBIN 

Is the animal organism capable of forming for itself the keystone 
in the structure of hemoglobin pigment — the pyrrol nucleus — or is it 
dependent on the ingestion of preformed pyrrol nuclei in the food? 

A new formation of pyrrol within the body has never been demon- 
strated. That does not mean much, but on the other hand there is 
nothing inherently improbable in the conception that in the last resort 
the body has to rely on sources outside of itself for the formation of 
hemoglobin. We have the analogy of the benzene ring, which can be 
evolved only by processes peculiar to the vegetable organism, although 
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it forms an essential part of many of the structures of the animal body 
(Baumann^). 

Apart from blood and chlorophyll, the only food constituent which 
is known to contain the pyrrol nucleus is the amino-acid, tryptophane, 
a body which is found in considerable amounts in nearly all proteins. 

Thanks to the work of Osborne and Mendel,” we are in possession 
of exact and detailed data on the effect of a diet free from blood, 
chlorophyll and tryptophan on the weight and growth of rats. They 
show conclusively that under these conditions the body tissues cannot 
be maintained. There is a progressive loss of weight, which can be at 
once arrested by the addition of small quantities of tryptophan to the 
food. They make no mention of anemia, but even if there were no 
anemia, the possibility of hemoglobin formation by pyrrol synthesis 
within the body would not be proved, for the total quantity of trypto- 
phan in the body is large, and it is conceivable that with a reduction of 
the rate of hemoglobin metabolism to a minimum, enough hemoglobin 
might be formed at the expense of pyrrol liberated from the wasting 
tissues. This seems to be a rather strained mterpretation, however, and 
it is true that the absence of any note as to pronounced anemia in these 
observations and in the numerous records of complete starvation 
experiments, is a point which speaks for the capacity of the body to 
produce pyrrol for itself, even though it does not by any means prove 
it. We are planning work in connection with this point, but in the 
meanwhile it may be left on one side. 

So far as the question at issue is concerned, it is enough to know 
that even if the organism can synthesize pyrrol, this product must of 
necessity pass through many complicated changes before it is, finally 
welded into the intricate molecule of hemoglobin pigment. 

On the other hand, in the urobilinogen in the intestine we have a 
substance in which the pyrrol nuclei are already linked together in their 
proper relationships to one another. All that we have learned of the 
economy of natural processes would tend to make us expect to find that 
urobilinogen would be used in the synthesis of hemoglobin pigment. 

We have proof that a considerable part of the urobilinogen daily 
formed is not lost to the body by being excreted in the stools, but is 
absorbed from the intestine in the portal blood-stream. This was 
proved in Muller’s classic experiment where he showed that the 
urobilinogen which appears in the urine has its origin in the intestine. 
This has been amply confirmed most recently and most directly by 
Fischer and Meyer-Betz.^” With the absence of bilirubin from the 

7. Baumann: Ztschr. f. physiol. Chem,, 1886, x, 123. 

9. Osborne and Mendel: Jour. Biol. Chem., 1914, xvii, 325. 

10. Fischer and Meyer-Betz: Ztschr. f. physiol. Chem., 1911, Ixxv, 232. 
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intestine, no urobilinogen is formed, and none can be detected in the 
urine until bile or urobilinogen are given by mouth. The quantity of 
urobilinogen and urobilin in the stools is less than the theoretical 
quantity which should be obtained from the amount of bilirubin enter- 
ing the intestine. The deficit is absorbed into the blood. 

With the recognition of this fact, however, we come to the end of 
what is generally accepted as established. The suggestion has of 
course been made that the absorbed urobilinogen is utilized in the for- 
mation of hemoglobin, but no hypothesis has been advanced as to the 
manner of its ultilization dr as to its effects on urobilinogen excretion. 

Wilbur and Addis^^ not long ago published a paper on “Urobilin” 
which contained the results of quantitative estimations of urobilinogen 
and urobilin under physiological, pathological and experimental con- 
ditions. Since that paper was written some important work of a purely 
chemical nature has appeared which throws light on some obscurities 
« and difficulties which were encountered in presenting a theory of 
urobilinogen excretion. 

It is, therefore, now possible to put forward a working hypothesis 
of hemoglobin metabolism which brings these observations into line, 
which formulates the relationship between hemoglobin decomposition 
and formation, and which has a practical application, in that it serves 
as a theoretical support of a formerly more or less empirical method of 
recognizing disturbances of liver action. 

Urobilinogen is found only in traces in normal urine. But in dis- 
ease there are two groups of conditions in which large amounts of 
urobilinogen are excreted in the urine. 

In one there is an increased destruction of red blood-cells within 
the body. Malaria is the typical example. In such cases the proof of 
an unusual degree of blood destruction is found in the greatly aug- 
mented quantity of urobilinogen and urobilin in the stools. 

In the other group the amount of urobilinogen and of urobilin in 
the stools is within the normal limits of variation or is decreased, and 
there is no evidence of excessive blood destruction. The majority of 
these cases are outspoken examples of disease of the liver — the initial 
stages of catarrhal jaundice, the toxemic stage of advanced cirrhosis, 
suppurative cholangitis, etc. — especially conditions in which the liver 
as a whole is involved, whereas in such local disease as carcinomatous 
metastases no very marked urobilinuria may be found. Great increase 
in urobilinogen excretion is also evident in some cases of acute infec- 
tions such as lobar pneumonia, where a diffuse liver involvement is 
probable. 


11. Wilbur and Addis: The Archives Int. Med., 1914, xiii, 235. 
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On the whole, the clinical evidence is very strong that the presence 
of considerable amounts of urobilinogen in the urine is associated with 
liver disturbance, if marked increase in hemoglobin disintegration can 
be excluded. 

Since the urobilinogen in the urine of these cases of liver disease is 
known to have its origin in the intestine, the current theory is that the 
normal liver absorbs the urobilinogen brought to it in the portal vein, 
whereas the diseased liver allows it to pass into the general circulation 
from which it is excreted by the kidneys. But in what form does the 
normal liver absorb urobilinogen? Not as such, for none can be 
extracted from the liver tissue. Not as urobilin, for this substance 
also is absent. It does not simply pass through the liver into the bile, 
for only traces of urobilinogen and urobilin are found there under 
normal conditions. 

It is not even brought to the liver as urobilinogen, for none can be 
found in the blood, not even when large amounts of urobilinogen are 
being excreted in the urine. 

Obviously, therefore, urobilinogen when it is absorbed is changed 
into some substance which has not been identified. 

It will be remembered that urobilin is formed under the influence 
of oxygen by the union of two molecules of urobilinogen. But if a 
solution of urobilin is left exposed to air and light it will steadily 
decrease in quantity, just as the amount of urobilinogen diminishes 
when its solutions are left under the same conditions. The parallelism 
between both phenomena is so marked as strongly to suggest that both 
are the result of the same process, and that the ‘disappearance of 
urobilin is simply a continuation of the reaction which is known to 
underlie the formation of urobilin from urobilinogen, namely, a poly- 
merization. The unidentified substance formed might be called urobilin- 
complex, and the process might be expressed thus : 

Urobilinogen -j- oxygen + urobilinogen = urobilin. 

Urobilin -|- oxygen -j- urobilin = urobilin-complex. . • 

The following experiment is an example of many which have been 
carried out in connection with this point. 

An acid alcohol extract of a stool after the addition of zinc acetate 
in absolute alcohol was found to contain urobilinogen to the dilution 
value of 17 and urobilin to 20 in each 10 c.c. volume. It was left 
exposed to the air under the action of diffuse room light. After seven 
hours samples were removed and separate estimations of urobilinogen 
and of urobilin were made. The urobilinogen had entirely disappeared, 
but the urobilin had increased to a value of 40; that is to say, the 
urobilinogen had been converted into urobilin. But the increase in 
urobilin would have been still greater if another process had not been 
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proceeding coincidentally, i. e., the polymerization of the urobilin mole- 
cules to form the urobilin-complex. This process we have no means of 
measuring except by the disappearance of urobilin which is shown in 
the chart to be progressive, though not regular, since the decrease was 
more rapid during the day-time under the action of light, than at night. 



Hours 


Chart 1. — The dilution values for urobilinogen and for urobilin depend on 
their respective light-absorbing capacities. Since urobilin has not been isolated 
its power in this respect cannot be determined with exactitude, and its dilution 
value must not be assumed to be directly comparable with that of urobilinogen. 
As a matter of fact, if equal weights of the two substances could be compared, 
it would be found that the dilution value of urobilin was higher than that of 
urobilinogen. 

In the numerous efforts which have been made to find urobilinogen 
or urobilin in the blood, nothing has been learned which is in opposition 
to this hypothesis, and there are some points which indirectly support it. 

The blood of patients in whom there is a large excretion of uro- 
bilinogen in the urine has never been found to contain any urobilinogen. 
Urobilin has been found in a few cases. But it is noteworthy that a 
common factor in such cases is that the patients have been cyanosed. 
Almost all of them have been cases of lobar pneumonia in the terminal 
stages with dilated right hearts and marked cyanosis. Now it was 
shown some years ago by Roth and Herzfeld^- that when urobilin is 
added to the blood in vitro it disappears. If it is added to serum alone, 
however, or even to blood through which carbon dioxid has been 
passed, it can be recovered. It would seem that both the clinical and 
the experimental findings may be explained on the assumption that the 
formation of the urobilin-complex is greatly hastened by oxyherno- 
globin, so that it is only when the oxygen of the blood is diminished 
that urobilin can exist in the blood-stream. 


12. Roth and Herzfeld: Deutsch. med. Wchnschr., 1911, xxxvii, 2129. 
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We may therefore amplify the theory of urobilinogen excretion in 
the urine of cases of hepatic disease by explaining it as being due to 
the incapacity of the liver to absorb the urobilin-complex brought to it 
from the intestine, so that part of this substance escapes past it into the 
general circulation and reaches the kidneys. 

The kidneys excrete only urobilinogen, never urobilin, or urobilin- 
complex. Probably because of their size, these molecules have to be 
reduced to urobilinogen before they can pass through the kidney cells. 
To judge from the prompt appearance of urobilinogen in the urine 
after injury' to the liver, this is a function which the kidneys accom- 
plish without much difficulty, and it would seem reasonable to argue 
from the fact that only very small traces of urobilinogen are found 
in the normal urine that the healthy liver is capable of holding almost 
all the urobilin-complex which is brought to it. The large amounts 
which may be excreted when the liver is diseased is some indication 
that the quantity thus absorbed may be not inconsiderable, although it 
cannot, as we shall see, be taken as a measure of the normal capacity 
of the liver. 

One of the observations of Wilbur and Addis which could not at 
the time be fully understood was the extraordinary variations in the 
quantity of urobilinogen in the urine at different periods of the day. 
Charts 2 and 3 show the quantities of urobilinogen excreted every two 
hours in a case of bronzed diabetes. 

This case was observed over a long period, and at no time was there 
any relation between the excretion of urobilinogen and of water, urea, 
chlorids or sugar in the urine. Every night the amount of urobilinogen 
was greatly decreased as compared with the amount which was passed 
during the day, but when the patient’s habits were reversed and he slept 
during the day and remained awake and took his meals through the 
night, the quantitative relationship between the day and night uro- 
bilinogen was also reversed. This cannot be satisfactorily explained 
simply by variations in the absorption of urobilinogen derived from 
bilirubin, for this is.a process which occurs mainly in the large intestine, 
and there is. no reason to believe that there are any sudden changes 
either in the formation or in the absorption of this urobilinogen. 

The study of the urobilinogen and urobilin content of the bile also 
gave results whose signifience was obscure. In post-mortem bile wide 
variations were found, from traces too small to estimate to very large 
quantities, and there was apparently no relation between the amount in 
the feces and in the bile. In following the daily variations in the uro- 
bilinogen and urobilin in the bile discharged from gall-bladder fistulas 
in patients in whom the gall-bladder had been drained for gall-stones 
or cholecystitis, it was demonstrated clearly that during the periods 
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when the patient was feverish and toxemic the quantity of urobilinogen 
and urobilin was greatly increased, even though little bile was reaching 
the intestine, and there was consequently little urobilinogen in the 
stools. 

These anomalies in the urobilinogen excretion by way of the urine 
and bile were not to be explained by any of the current views, and they 
were simply recorded as facts which any future theory would have to 
reckon with. The following hypothesis does elucidate not only these 
facts, but also puts the other data which have been accumulated in their 
proper place as parts of an ordered sequence of events. 

The liver is the central and regulating organ in the metabolism of 
hemoglobin, not only of its decomposition, but also of its formation. 
Hemoglobin is converted by the liver into bilirubin. Bilirubin is 
excreted in the bile into the intestine and is changed to urobilinogen, 
part of which is excreted in the stools and part absorbed into the portal 
blood-stream. The urobilinogen in the blood is polymerized to the 
urobilin-complex. The urobilin-complex is practically all taken up by 
the liver, but a small amount gets past into the general circulation and 
is decomposed in the kidneys to urobilinogen and excreted. 

But what happens to the greater part of the urobilin-complex which 
under normal conditions does not get past the liver? 

The idea that urobilinogen may be stored in the liver in the polym- 
erized form of urobilin-complex, just as sugar is stored as glycogen, 
comes at once to the mind as a possibility. Now we know something 
about the capacity of the liver jn storing glycogen, and something also 
about its power to contain fat, so that it would not be surprising to find 
that the liver exercised a similar function in connection with hemo- 
globin metabolism. On the other hand, we also know that the storage 
capacity of the liver is one of the last of its functions to be disturbed in 
disease. No matter how disorganized a liver may be, so long as life 
continues it retains the power to hold glycogen. The relative freedom 
of the liver from glycogen which is frequently seen post mortem, is the 
result of diminished intake and increased utilization of sugar, rather 
than of any inability of the liver to store glycogen, for it is not rela- 
tively passive, but active functions which are the first to fail. 

But it is preeminent!}'’ the failure to hold the urobilin-complex which 
is the first indication of hepatic disturbance. For instance, any toxemic 
condition, such as that which accompanies an acute tonsillitis, is usually 
followed by a marked increase in the excretion of urobilinogen in the 
urine. The liver as a whole is no doubt adversely affected in such 
conditions, but not as a rule sufficiently to disorganize any of its other 
functions to an extent which permits us to recognize any abnormality. 
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Again, it is a well-known fact that if there is need for.it the liver 
can make room for enormous quantities of glycogen, as much as 18 per 
cent, of the liver weight may be pure glycogen, after large quantities 
of carbohydrates have been taken. 

But even apart from disease of the liver, the limits of its capacity 
to hold the urobilin-complex are relatively narrow. Since so large a 
proportion of the total hemoglobin of the body is daily decomposed, it 
is surprising to find what a relatively small increase in the amount of 
hemoglobin destroyed is sufficient to lead to the escape of part of the 
urobilin-complex past the liver. 

The conception of a simply passive storage of urobilin-complex in 
the liver seems to me to be entirely inadequate to account for these 
facts. It would rather seem that the liver had some active function to 
perform in connection with the urobilin-complex — a function in which 
many factors were concerned, which therefore could not be made to 
work overtime simply by an increase in the urobilin-complex alone, and 
so intricate that unfavorable circumstances acting on the liver as a 
whole might readily slow or stop it. 

A function which certainly answers this description is the syntheses 
of hemoglobin-pigment, and the suggestion is put forward that the liver 
rearranges the atoms in the urobilin-complex to some nearly complete 
stage in hemoglobin pigment formation in which it is ready for assimu- 
lation by the erythroblasts of the bone-marrow. 

Such an idea does not find ready acceptance, because one is accus- 
tomed to look on the bone-marrow as the site of hemoglobin formation. 
But so far as I have been able to find the only reason for this belief is 
the fact that it is possible to trace there all the stages between the early 
erythroblast, with apparently no hemoglobin, up to the fully formed 
erythrocyte full of hemoglobin. But that does not prove that the pig- 
ment is actually formed within these cells. When hemoglobin is in a 
coagulated form (Miura^^) it no longer has its characteristic color or 
staining reactions, and it may very well be that the erythroblast simply 
has the capacity to absorb hemoglobin or hemoglobin pigment in some 
physically altered form, and that the apparent growth of hemoglobin 
which can be observed within this cell as it develops, is simply a 
gradual reduction of colorless hemoglobin to the form with which we 
are familiar. 

Looking at the matter simply from the point of view of probability, 
one would be more ready to believe that such an intricate matter as the 
synthesis of hemoglobin would be carried out in highly specialized cells 
such as the liver cells rather than in the undeveloped protoplasm of the 


13. Miura: Biochem. Ztschr., 1913, xlix, 137. 
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early erythroblasts. In this connection it will be remembered that 
Goldmann’s^^ work shows that the early embryo is incapable of pro- 
ducing hemoglobin for itself and has to receive it fully formed from 
the mother through the placenta, and that in the hen’s egg Hugonneng 
and Moreh® found a substance which they termed hematovine, which 
is simpl}'- hemoglobin in a slightly modified form. Until the liver is 
functionating the organism is incapable of synthesizing hemoglobin 
from pyrrol nuclei. 

This conception of the liver as the site of hemoglobin formation is 
the only one which can account for the unexplained facts which have' 
been mentioned in regard to urobilinogen excretion in the bile and 
urine. 

When this function of the liver is in abeyance the urobilin-complex 
brought to it cannot be used. It is therefore excreted again into the 
bile in the form of urobilin and urobilinogen. Thus in cases of gall- 
bladder fistula in which through bacterial infection the liver was 
damaged, a large amount of these substances 'was found in the bile, an 
amount which bore no relation to the small amounts of urobilinogen 
found in the stools. On the other hand, when the infection was over- 
come and the liver recovered, only traces of urobilinogen and urobilin 
were found, even when enough bilirubin passed into the intestine to 
lead to the excretion of considerable amounts of urobilinogen and 
urobilin in the stools. The urobilin and urobilinogen content of the bile 
depends, therefore, rather on the capacity of the liver to use the 
urobilin-complex than on the amount which is brought to the liver from 
the intestine. 

There is another point, however, which has to be borne in mind. 
Urobilinogen is, relatively to urobilin, a readily diffusible substance, 
and therefore the urobilinogen which is excreted in the bile is in great 
part rapidly absorbed from the small intestine. In this way the same 
urobilinogen may continue to circulate between the liver and intestine 
so long as the liver is incapable of using the urobilin-complex.- If in 
addition urobilinogen derived from the intestinal decomposition of 
bilirubin is also being absorbed from the large intestine, it can be seen 
that the quantity of urobilinogen and urobilin in the bile may become 
very large, as in fact we have found in such cases. Under these cir- 
cumstances the portal blood-stream will soon become saturated with 
urobilin-complex and the excretory capacity of the liver be overtaxed, 
so that part of the urobilin-complex escapes past the liver into the 
systemic circulation from which it is removed by the kidneys. It is well 

14. Goldmann; Aussere und innere Sekretion des gesunden und kranke 
Organismus., 1912, p. 30. 

15. Hugonneng and Morel: Jour, physiol, et de path, gen., 1906, viii, 391. 
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known that the excretion of bile into the intestine is not constant, but is 
much augmented at the times when pancreatic secretion occurs. Imme- 
diately after the entrance into the duodenum of a bile rich in uro- 
bilinogen, there is a rapid absorption of urobilinogen in tne form of 



Day Night Day 


Chart 2, — Excretion of urobilinogen June 11 and 12. Food taken during 
day time. 

urobilin-complex, the liver is overflooded, and as a consequence there 
is a sharp rise in the urobilinogen excretion in the urine. That the 
marked excess of urobilinogen excreted during the day is in fact to be 
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associated with the processes of digestion, is shown by the inversion of 
this relationship when the food is taken during the night, as is shown 
in the curves of two-hourly urobilinogen amounts in the case of 
bronzed diabetes. 

The constancy with which any generalized interference with the 
liver is followed by urobilinogenuria, even though it may be a com- 



Chart 3. — Excretion of urobilinogen June 23 and 24. Food taken during 
night. Shows that the largest excretion of urobilinogen occurred during the 
night instead of during the day, as in the preceding chart. 

paratively mild and transient disturbance, and the similar appearance 
of urobilinogen in excessive amounts in the urine whenever there is 
even a moderate increase in hemoglobin destruction, is explicable on 
the theory of a synthesis of hemoglobin from urobilin-complex. It has 
its analogy in the relative instability of the processes involved in the 
synthesis of the nitrogen-containing as compared with those concerned 
with the non-nitrogenous substances in general tissue metabolism. 
There is a fundamental distinction between protein metabolism and 
carbohydrate and fat metabolism, which is shown in the fact that when 
an excessive amount of protein food is taken, the excess is promptly 
excreted, whereas whatever quantity of carbohydrate or fat is assim- 
ilated, is stored in the body. The presence of an e.xcessive amount 
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of amino-acids does not determine any increase in the reactions 
involved in the synthesis of new tissue. These reactions require an 
exact balancing of different constituents, and so any excess of amino- 
acids above what are required by the tissues is decomposed and 
excreted as urea in the urine. This parallels the conditions in hemo- 
globin pigment metabolism, when there has been an excessive forma- 
tion of bilirubin and as^ a consequence more of the urobilin-complex is 
carried to the liver than is necessary for hemoglobin formation. The 
excess is at once broken down into urobilin and urobilinogen and 
excreted in the bile. 

On the other hand, the flooding of the portal circulation with the 
urobilin coniplex, which occurs when the formation of hemoglobin in 
the liver is in abeyance, has no parallel in the protein metabolism of the 
tissues. The urobilin and urobilinogen into which the unused urobilin- 
complex is decomposed as it is excreted through the liver cells, is 
quickly reabsorbed from the small intestine. With it comes an added 
increment of urobilinogen from the decomposition of bilirubin. So 
long, then, as the liver ceases to make use of the urobilin-complex it 
will heap itself up in the portal circulation, until the blood becomes so 
saturated with it that the liver can no longer absorb all of it and part 
escapes into the general circulation to be decomposed in the kidney and 
excreted as urobilinogen in the urine. In the general protein metabolism 
there is no such reabsorption of the products of decomposition in order 
that they may again be used in the building of the tissues, and therefore 
no accumulation in the blood-stream when anabolism is hindered. 

The fact that the hemoglobin-forming function of the liver may 
show signs of failure, while its other functions, such as, for instance, 
the capacity to convert sugar into glycogen, are still carried out without 
difficulty, is explicable when the sensitiveness to any unfavorable 
change in environment of the comparable synthetic processes con- 
cerned in the growth and maintenance of the body tissues, as compared 
with the relative stability of the general carbohydrate and fat metab- 
olism, is remembered. Bacterial infections, many gastro-intestinal con- 
ditions, sometimes even merely psychic disturbances, may lead to a 
cessation of the maintenance and growth of the protoplasm of the 
body, even though there are no signs of interference with the power of 
the tissues to store and utilize carbohydrates and fat. Just as the deli- 
cate and intricate reactions on which the building of the nitrogen-con- 
taining structures of which the body is composed are the first to be 
disorganized of all the processes in the general metabolism of the 
tissues, so in the special metabolism which is carried on in the liver, 
the rearrangements of the pyrrol nuclei required in the synthesis of 
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hemoglobin, may be interfered with before the other hepatic functions 
are involved. 

If hemoglobin pigment formation is carried on in the liver and is 
so easily disturbed, it would follow that any continued interference 
with this function should be followed by anemia. 

It must be borne in mind that here, as in all other important func- 
tions of the body, a wide margin of safety may be expected. No doubt 
the liver is capable, if need be, of producing a much larger amount of 
hemoglobin than is usually required of it, so that only a fraction of the 
total liver substance may be sufficient to carry on the work of the 
whole. In Eck-fistula dogs anemia is not a constant finding, so that it 
would seem that a relatively small part of the liver may be sufficient 
if it is functionating normally. It is to be remembered, however, that 
Enderlen and Magnus- Alslebeffi^ have shown recently that the amount 
of normal liver in an Eck-fistula dog is much greater than is usually 
assumed, for the hepatic artery rapidly acquires the capacity to give 
sufficient blood to a great part of the liver. Nevertheless, we know that 
purely local liver lesions are not necessarily accompanied by urobilin- 
uria and we may assume that so long as a part remains active — how 
large a part is necessary we do not know — no anemia from decrease 
in the formation of hemoglobin will result. 

The cases in which anemia may be expected are those in which 
the liver as a whole is involved. 

What then are the clinical conditions in v/hich a generalized lesion 
of the liver exists ? 

Acute yellow atrophy is not a diffuse lesion. Patches of liver tissue 
remain and when the patient does not die at once, are sufficiently 
healthy to grow in size and to divide with great rapidity. Nor is there 
always any general involvement of the liver cells in conditions grouped 
under the term cirrhosis, except in the terminal stages. 

It is in the cloudy swelling which accompanies severe general 
infections, such as pneumonia, that one comes nearest to a lesion 
affecting the liver universally. It is in such cases that one finds large 
amounts of urobilinogen in the urine, amounts which rise and fall with 
the course of the disease. It is in such cases, too, that an anemia 
develops, which becomes more evident the more protracted and severe 
the infection. 

As it is generally understood, the term ^'anemia” signifies either a 
decrease in the number of red blood-cells per cubic millimeter of blood, 
or a fall in hemoglobin percentage, or, as is usual, both combined in 
varying degree. 

16. Enderlen and Magnus-Alsleben : Ztschr. f. d. ges. exper. Med., 1914, 
iii. 223. 
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The word, then, covers changes in two substances which under the 
hypothesis which has been put forward, are genetically distinct, the red 
blood-cell stroma which is derived from the bone-marrow and its 
content, the hemoglobin pigment which comes from the liver. Under 
widely varying physiological and even pathological conditions there is 
a considerable degree of constancy in any individual in the number of 
red blood-cells and in the percentage of hemoglobin. Whenever a con- 
stant is found we must have a regulating mechanism by which it is 
maintained. But our methods are as yet too crude to carry us very far 
in the study of the method of its control. The clinical blood-count and 
henioglobin estimation are quite inadequate to give us any idea of the 
number of red blood-cells and amount of hemoglobin formed and 
destroyed in a given time, since both are products of two different 
factors — a balance between production and decomposition. Thus an 
increase in the number of red blood-cells may mean either that more 
are being formed or less are being broken up — we cannot tell which. 
Obviously, we must seek to determine separately the quantity formed 
and the amount destroyed. 

We have no Avay of directly estimating even approximately the 
number of red blood-cells or the amounts of hemoglobin which are 
produced. We can only assume, when young forms of red blood- 
cells are found, that the bone-marrow is probably active and that the 
formation of red cells is proceeding at a greater rate than usual. 

But we are beginning to get a little insight into one part of the other 
side of the problem, i. e., the rate of destruction of hemoglobin. We 
know that the quantity of bilirubin formed is directly dependent on the 
amount of hemoglobin which is decomposed, and we find that when an 
excess of bilirubin is excreted a larger amount of urobilin and uro- 
bilinogen appears in the stools and vice versa. The proportion of uro- 
bilinogen absorbed from the intestine introduces a variable factor, but 
in spite of this the urobilinogen and urobilin content of the stools gives 
us a reliable indication of the amount of hemoglobin destruction. 

As yet we have not had an opportunity to study more than a few 
cases of anemia by this method, but the results seem to indicate that 
there is a reciprocal relation between the destruction and formation of 
hemoglobin, so that when there is a large amount of urobilinogen and 
urobilin in the stools, evidences of increased rapidity of production are 
found, while on the other hand in those cases in which the anemia is 
due to a deficient formation of hemoglobin, the stool examinations 
show a decrease below the normal in the urobilinogen and urobilin 
content, as if the body were endeavoring to bring about a return to the 
normal by slowing the rate of blood destruction. 
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This point will be best illustrated by citing three cases in which the 
hemoglobin percentage was less than normal from three different 
causes: In Case 1 from increased hemoglobin destruction, in Case 2 
from decreased hemoglobin formation 'because of loss of pyrrol nuclei 
from the body, and in Case 3 from defective formation because of 
failure of the hemoglobin-producing function of the liver. 

In the following table the normal averages as well as those obtained 
in these cases are given. The figures for urobilinogen refer to spec- 
troscopic dilution values obtained under the same conditions. 

Urobilinogen 


■Blood Avg. Daily Excretion 



Red Blood Cells 

Hemoglobin 
Per Cent. 

Color Index 

Stools 

Urine 

Normal . 

5,000,000 

100 

1.00 

6,475 

0 

Case 1.... 

1,600,000 

34 

1.07 

24,977 

470 

Case 2. . , 

2,375,000 

28 

0.58 

2,400 

0 

Case 3. . . 

4,100,000 

65 

0.79 

2,095 

580 


Patient 1 had pernicious anemia. The figures given above are 
an average of daily observations for twenty-four days. This time may 
be subdivided into two periods of fifteen and of nine days, respectively. 


Urobilinogen 

— — Blood Avg. Daily Excretion 

Red Blood Cells Hemoglobin Color Index Stools Urine 
Per Cent. 

Period 1 ... 1,430,000 31-32 1.10 26,276 604 

Period 2... 1,800,000 37-38 1.04 9,546 199 

During the first period the rate of hemoglobin destruction as judged 
from the excretion of urobilinogen and urobilin in the stools, was more 
than four times as great as normal. Throughout this period normo- 
blasts and megaloblasts were present in considerable numbers. 

During the second period the rate of hemoglobin destruction was 
only moderately increased. No normoblasts or megaloblasts were 
found in the smears. 

Apparently, therefore, when blood destruction was proceeding 
rapidly, the rate of blood formation was also increased. That it, how- 
ever, did not succeed in fully compensating for the increased loss is 
suggested by the lower hemoglobin percentage and red blood-cell count 
during this period. ^ 

In this case in spite of the marked anemia the corpuscles contained 
slightly more than the normal quantity of hemoglobin. The reason is 
not far to seek. There was no failure of hemoglobin-forming power, 
and the liver was supplied with such an excess of urobilin-complex, 
that part escaped past it into the general circulation. This, then, is an 
example of a decrease in hemoglobin percentage due to a preponder- 
ance of destruction over formation. 
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Case 2 was an example of anemia from long continued small losses 
of blood from internal hemorrhoids. The rate of hemoglobin destruc- 
tion here was much slower than normal. No evidence of rapid blood 
regeneration was found. In this case each red blood-cell contained 
only about half as much hemoglobin as the normal. The production of 
hemoglobin had lagged behind that of the red blood-cell stromata. Yet 
there was nothing in the case to support the idea that the hemoglobin- 
forming power of the liver was failing — no advanced anatomical 
lesion of the liver, no general infection to cause diffuse liver cell degen- 
eration. That this function was, in fact, intact was shown by the fact 
that the anemia disappeared after a Whitehead operation had been per- 
formed, and the loss of blood had been stopped. Why then, since there 
was less than the normal amount of blood destruction going on within 
the body, and since the liver function was potentially, at least, unim- 
paired, was there any anemia at all? Why did not the body compensate 
at once for the small losses of blood? 

The reason is to be found in the distinction which must be drawn 
between destruction of hemoglobin within the body, and loss of hemo- 
globin from the body. In Case 1, although the hemoglobin was 
destroyed, a considerable part of the urobilinogen into which it was 
disintegrated was reabsorbed as urobilin-complex and supplied the liver 
with material for the building of new hemoglobin, whereas when blood 
is lost from the body as in Case 2 the pyrrol nuclei it contains have gone 
for good and all. There is no possibility of saving any. If such losses 
are repeated frequently, even though individually they are small, an 
impoverishment of the body in pyrrol nuclei may ultimately arise, and 
even though the liver is fully efficient, hemoglobin formation will fail 
for lack of building material. Even in those cases in which the loss of 
blood from the body has not been so great as to lead to a decisive 
decrease in the pyrrol nuclei available for hemoglobin formation, there 
may be a relative diminution in the amount of hemoglobin which is 
produced. For the most powerful stimulus to hemoglobin formation 
would seem to be the product of hemoglobin disintegration — urobilin- 
complex. Possibly this substance has some specific excitatory influence 
on the liver cells apart from its use as raw material in the manufacture 
of hemoglobin. 

Case 3 was in a patient with marked cachexia in whom large, 
irregular abdominal masses were palpable. An exploratory incision 
revealed general carcinomatosis. 

In this case urobilinogen was found in excess in the urine. There 
was no increased hemoglobin destruction to account for it as in Case 1 ; 
in fact, the rate of hemoglobin disintegration was shown by the stool 
estimations to be much less than normal. A defect in the capacity to 
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utilize urobilin-complex because of liver degeneration arising from the 
poisons which had produced the cachectic state found in the patient, 
was assumed. As in Case 2, each red blood-cell contained less than its 
usual quota of hemoglobin. The type of anemia was the same in both 
cases. They were only to be distinguished so far as the study of the 
blood and excreta went, by the fact that urobilinogen was present in 
the urine of the patient in Case 3, and absent in that of the patient in 
Case 2. But this difference is important, for it points to a difference in 
causation. The decreased hemoglobin production which was common 
to both cases was produced in Case 2 by pyrrol starvation, whereas in 
Case 3 it was derived from an inability on the part of the liver to make 
use of the pyrrol nuclei with which it was supplied. 

The success which has attended the introduction of methods of 
functional diagnosis in connection with the kidneys, stomach, pancreas, 
etc., has stimulated many efforts to find a satisfactory test for the 
liver also. 

The functional efficiency of the kidneys can be estimated by the 
study of the amount and rate of excretion of water, nitrogen, chlorids 
and phenolsulphonephthalein. By means of the stomach-tube and the 
Roentgen rays we can arrive at conclusions as to the secretory and 
motor power of the stomach. Test diets and stool examinations reveal 
any marked abnormality in the absorptive capacity of the intestine, or 
in the secretion of the pancreas. But we have no well established and 
widely used test of liver function. We still have to depend in the 
diagnosis of most hepatic disorders on anatomical changes which are 
frequently absent, and on symptoms which are often misleading. 

A consideration of the methods of functional diagnosis, which have 
proved useful in other organs, would indicate that the basis of any 
hepatic test must be some work performed by the liver alone. Now the 
liver has many functions, but what are the specific functions peculiar 
to the liver? 

Ten, or even five years ago, the list of such probably exclusive func- 
tions was longer and there was less doubt and hesitation about most of 
them than there is now. Yet it is within these years that great efforts 
have been made to answer this question. Workers in many different 
fields have joined in a general attack on the problem from all sides. 
Clinical pathology has acted as a sort of skirmishing force in the front 
of this attack, and has often temporarily occupied positions which later 
have had to be abandoned, as the accumulation of well established 
knowledge has shown them to be untenable. History, especially recent 
history, is full of this, and a review of the work of the last decade 
shows that the advance has been, in the main, a retreat and a retrench- 
ment. 
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Thus, we used to hold that the synthesis of urea from ammonia, 
water and carbon dioxid could be carried out only by the liver, but 
now we know that urea may be produced elsewhere. The more 
recently advanced test of liver function based on the capacity of the 
liver to remove ammonia from amino-acids has also been shown, by 
the fine work of Van Slyke and Meyer^’’ and others, to rest on an 
insecure foundation. 

The knowledge that creatin appears in the urine in conditions of 
disturbed carbohydrate metabolism, and not only in cases . in which 
liver function is particularly disorganized, has thrown doubt on the 
hypothesis that the transformation of creatin into creatinin is a special 
function of the liver alone. The work of Fischler^® with Eck-fistula 
dogs has shown that Strauss’ contention that leyulose can be converted 
into glycogen only by the liver has no foundation in fact, at least as 
regards warm-blooded animals. 

The capacity of the liver to form sugar from certain amino-acids, 
which may be one of its specific functions, cannot be utilized as a test 
of liver efficiency except in phloridzinized dogs or the severest forms 
of diabetes. 

The tests founded on the so-called detoxicating- functions of the 
liver have not proved clinically useful and Rothberger and Winters- 
berg^'^ have come to the conclusion that there is no sufficient evidence 
that the liver has any capacity in this respect which other tissues do 
not also possess. 

In general, it seems that the hopes that have been entertained of 
finding some distinctive and necessary part played by the liver in the 
chemical reactions involved in the intermediary protein, fat and carbo- 
hydrate metabolism of the tissues, on which to found a functional test, 
do not at present seem likely to be fulfilled. 

The more we learn about the intermediary metabolism of the 
tissues, the more does it seem that these processes are too generalized 
to form a basis for testing the function of any one organ. 

But there is a group of chemical changes in the body which to a 
great extent may be regarded as shut off from the general tissue 
metabolism, namely, the processes concerned with the formation, 
decomposition, and excretion of the substances which go to form the 
blood. 

It is sometimes said that the blood is a tissue, as much a tissue as 
muscle or connective tissue. The analogy may be correct in many 
particulars, but it rema-ins true that the blood is widely separated both 

17. Van Slj'ke and Clever: Jour. Biol. Chem., .1913-1914, xyi, 213. 

IS. Fischler: Verhandl. Cong. f. inn. Med., Wiesbaden, 1913. 

19. Rothberger and Wintersberg: Arch. Pharmacod., ISOa, .xv, 339. 
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in its physical characters and in its functions from any other tissue of 
the body; and this separation of the blood becomes clearer the more we 
learn about the chemical changes involved in its metabolism. 

Thus the other tissues grow from within themselves by assimilating 
and incorporating substances abstracted from the blood. But the essen- 
tial components of the blood are not built within itself, but are given to 
it ready formed from the other tissues, exactly the reverse process. 

The products of the breaking down of the other tissues — urea, 
uric acid, creatinin, etc. — are removed from them and carried by the 
blood to the kidneys for excretion, but many, at least, of the special 
and peculiar end-products of the components of the blood itself are 
eliminated not through the kidneys, but through the liver. 

It is just because of this very separation of the blood metaboli.sm 
from general tissue metabolism that it is possible to recognize defects 
in the hemoglobin- forming capacity of the liver. It is this distinction 
that makes urobilinogen estimations a valuable and practical test of 
hepatic function. But here the excretion of urobilinogen in the urine 
alone is not decisive, for a large increase over the usual amount 'may 
be determined by augmented hemoglobin destruction quite apart from 
any liver disturbance. Only when the hemoglobin disintegration has 
been shown by quantitative estimations of urobilinogen and urobilin 
in the stools to be within or below the normal limits, does urobilino- 
genuria acquire any significance as an indication of liver insufficiency. 

It may be found that the hypothesis which has been advanced as 
to the role played by the liver in the metabolism of hemoglobin pigment 
is applicable in some degree to other constituents of the blood. It is 
significant that the bile acids, taurocholic and glycocholic acid, are most 
readily accounted for as derivatives of the decomposition of the red 
blood-cell stromata and that they follow the urobilinogen in its absorp- 
tion from the intestine and its passage to the liver. The part played 
by the liver in the formation of fibrinogen has long been known, and it 
is possible that the serum albumin, serum globulin and the protein 
constituent of hemoglobin have the same origin. 

These are interesting possibilities, but it must be admitted that the 
data as yet are too meager to allow of any constructive theorizing. 
It is facts rather that are needed. 

It is otherwise with hemoglobin pigment metabolism. Here we 
have a mass of chemical, experimental and clinical findings which have 
never been satisfactorily coordinated. In particular, I believe that in 
urobilinogeuuria we have a valuable method of recognizing hepatic 
disturbances which has been misused and misinterpreted since the time 
of Jaffe, because the relations between this phenomenon and hemo- 
globin formation and destruction have never been formulated. 
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Finally, and this is a point of great importance, if this hypothesis 
is well founded, w'e have in urobilinogen and urobilin estimations in 
the excreta a method which will give us valuable information in .the 
investigation into the cause of various types of anemia. 

SUMMARY 

The hemoglobin liberated from outworn red blood-corpuscles is 
separated into pigment .and protein. Within the liver cells the pigment 
is converted into bilirubin. In the large intestine bilirubin is reduced 
to urobilinogen. 

The change from hemoglobin pigment to urobilinogen is accom- 
plished by intramolecular rearrangements. The four pyrrol nuclei 
retain their characteristic grouping. Only the side chains are altered. 

But in the form of urobilinogen the pigment molecules have 
acquired two new properties. They have become diffusible, so that 
they can be absorbed into the portal blood-stream, and they have a 
tendency to take up oxygen and become linked in pairs, a process of 
oxidative polymerization which results in the formation of the body 
known as urobilin. 

In the formation of hemoglobin the urobilinogen absorbed from the 
intestine, since it retains the essential structure of the blood pigment, 
would form a readily available building material. A difficulty in 
accepting this as a possibility lies in the fact that urobilinogen has 
never been found within the body. But here the capacity for polym- 
erization under the influence of oxygen which urobilinogen possesses 
suggests the reason. The first product of this reaction — urobilin — 
disappears into some unknown substance, under the same conditions 
which favor its own formation from urobilinogen. This is assumed to 
be a continuation of the same process of polymerization, so that a body 
is formed which consists of an unknown number of urobilinogen 
molecules linked together. This hypothetical substance has been 
termed urobilin-complex. It is in this form that urobilinogen exists 
in the blood and in the tissues. 

The kidneys decompose urobilin-complex into urobilinogen. But 
under normal conditions, although urobilinogen is constantly being 
absorbed and converted into urobilin-complex in the portal blood- 
stream, there is practically no urobilinogen in the urine because the 
urobilin-complex is removed by the liver. 

The data we possess on the varying capacity of the liver to absorb 
and hold urobilin-complex under various experimental and clinical con- 
ditions cannot be explained on the assumption that the liver simply 
stores up the urobilin-complex, but they are in accordance with the 
conception that the liver has some active work to perform in connection 
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with this substance. It is maintained that this work consists in the 
restitution of the original side chains to the pyrrol nuclei of the uro- 
bilinogen molecule, so that hemoglobin pigment is formed again from 
its own decomposition product. 

The surest indication of the presence and of the degree of a gen- 
eralized disturbance of the liver function is based on the determination 
of the extent of failure of this synthesis of hemoglobin pigment from 
urobilin-complex. 

There is another and more complicated synthesis of hemoglobin 
pigment from those pyrrol nuclef which are not, as in urobilinogen, 
prearranged in their proper relationships to one another. For there is 
a daily loss of pyrrol nuclei from the body in the stools, and the uro- 
bilinogen which is absorbed from the intestine cannot replace the total 
amount of hemoglobin pigment which is constantly being disintegrated. 
But of this synthesis, of the site, and of the manner of its building, we, 
as yet, know nothing. 

Lane Hospital. 



A REPORT OF THE BACTERIOLOGICAL EXAMINATION 
OF ENLARGED LYMPH-NODES REMOVED FROM 
A PATIENT WITH HODGKIN’S DISEASE* 

LAWRENCE J. RHEA, M.D.. and E. H. FALCONER, M.D. 

MONTREAL, CAN. 

The question of the etiological basis of that type of lymph-node 
hypertrophy referred to as Hodgkin’s disease, has for many years been 
of much interest. There have been two principal ideas in regard to 
this type of lymph-node hyperplasia ; one that it is a neoplasm of the 
lymphoblastic elements of the lymph-nodes, the other that it is an 
inflammatory reaction accompanying or following an infection with 
some micro-organism which attacks especially the lymph-nodes. 

The advocates of each of these theories have referred to the histo- 
logical findings in the lymph-nodes as evidence in support of one or 
the other of the two theories referred to above. Among others, 
Gibbons,^ has expressed the opinion that the enlarged nodes belong in 
the group of malignant neoplasms. Opposed to this view are 
McCallum, Longcope, Reed and others who have claimed that the 
histological findings in the lymph-nodes are those associated with a 
chronic inflammatory irritant of some kind. Professor Adami in -his 
recent text-book expresses the belief that the lymph-node lesions in 
Hodgkin’s disease are not those of a true neoplasm, but are of a chronic 
inflammatory nature. 

There have appeared in the comparatively recent literature reports . 
that deal with the demonstration of micro-organisms in the nodes 
themselves. Frankel and Mutch have reported the results of their 
study of the enlarged lymph-nodes from a number of cases of 
“Hodgkin’s disease.” These authors were able to demonstrate in twelve 
out of thirteen cases the presence of micro-organisms in the excised 
lymph-nodes. These organisms were demonstrated in the material 
remaining after treating the tissues with antiformin. From the mor- 
phological and staining characters of the organisms found they were 
of the opinion that they were either a type of tubercle bacillus or that 
they belong to a type closely related to the tubercle bacillus. 

The infectious basis of Hodgkin’s disease has not been limited to 
the microscopical demonstration of organisms in the lymph-nodes. 
Negre and Meerimet report the isolation of ap organism from the 

* Submitted for publication July 10, 1914. 

* From the Pathological Laboratory of the Montreal General Hospital. 

1. Gibbons : Am. Jour. Med. Sc., 1906, cxxxii, 692. 
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enlarged lymph-nodes removed from two patients with Hodgkin’s dis- 
ease. These organisms were recovered by the use of special medium. 
Their article gives a description of the organism isolated. The most 
recent work dealing with the etiology of this disease has been done by 
Bunting and Yates- and reported recently. In their first paper they 
report the results obtained from the bacteriological study of a series of 
enlarged lymph-nodes removed from patients whose clinical picture 
corresponded to that found in Hodgkin’s disease, and whose lymph- 
nodes themselves showed the histological picture found in this disease. 
The general summary of the work on which this paper is based is as 
follows; From three out of five cases of Hodkin’s disease, in which a 
bacteriological examination had been made, a pure culture of a diph- 
theroid, pleomorphic organism has been isolated in pure culture. In 
the remaining two cases this organism was recognized, but not recov- 
ered in pure culture. The morphology, cultural and staining reactions 
of the organism recovered from one patient is briefly as follows : 

They are facultative anaerobes, Gram-positive, not acid fast, and vary greatly 
in their morphology depending on a number of factors, e. g., their age, the 
medium employed and the fluid content of the medium. Pleomorphism is a 
pronounced feature, coccoid forms, long forms, beaded forms, club-shaped 
involution forms, are present. Branching forms are present especially on the 
egg medium. On certain media polar staining forms are present. Plate cul- 
tures show rounded, glistening, gray colonies which at the end of twenty-four 
hours gradually become opaque white. There is a central dark spot in the 
colony and a fine stippling of the growth. 

Since the publication of the above article these same investigators 
have reported^ the results thus far obtained by inoculating animals 
with the diphtheroid organism they have isolated. 

They have been able by repeated inoculations not only to infect 
monkeys (Macaciis rhesus), but these animals have shown a blood- 
picture typical of that of early Hodgkin’s disease and later have devel- 
oped chronic lymphadenitis that corresponds grossly and microscopi- 
cally with Hodgkin’s disease in man, of the same duration. Not only 
have they succeeded in producing these gross and histological changes 
in the monkey, but they have recovered from the enlarged lymph-nodes 
a diphtheroid organism similar in every way to the organisms injected. 
In one of their articles they say : 

Thu.s, since our e.xperiments demonstrate that the diphtheria organism is 
pathogenic for monkeys, that it produces a progressive enlargement of the 
lymph-nodes, with lesions similar to those of Hodgkin’s disease in man, and 
further that the blood changes in the monkey are similar to those in man, we 
feel fully assured^ of the etiologic relationship of the diphtheroid organism 
(Bacterium Iwdgkiiii') to Plodgkin’s disease. 

2. Bunting and \ates; Culture Results in Hodgkin’s Disease, The Archives 
I.XT. Mf.d., 1913. .xii. 236. 

3. Bunting and Yates: Jour. .-^m. Med. .Assn., 1913. l.xi, 1803. 
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We have recently had the opportunity of making a bacteriological 
study of the enlarged lymph-nodes from a patient with Hodgkin’s 
disease. This opportunity was made possible through the kindness of 
Dr. J. M. Elder, on whose service the patient was admitted to the 
Montreal General Hospital. The clinical history is briefly as follows ; 

'History. — The patient is a white' woman, aged 21. The present illness began 
two years ago, in 1912, with swelling in the right side of the neck. The swell- 
ing increased slowly and did not produce discomfort. In 1913, one year after 
the first symptoms were noted, a swelling appeared in the left side of the 
neck. About this time she had a normal pregnancy, after which she became 
gradually weaker, feverish and easily tired. On exertion she had dyspnea and 
palpitation of the heart. No pain was present. Patient thinks she lost about 
fifteen pounds in weight. 

Patient has been married five years and has had two children (both 
died in infancy). She has always been well previous to present illness. 
There is no family history of tuberculosis. 

Examination of Glandular System . — At the base of the neck there 
are two large masses on either side of the middle line. These masses 
are about 7 cm. in diameter. The skin is freely movable over them. 
The masses themselves are movable on the underlying tissues and on 
palpation are found to be made up of discrete individual masses vary- 
ing in size from 1.5 to 4 cm. in diameter. The smaller growths have a 
distinctly elastic feel. There is one slightly enlarged lymph-node in 
the right axilla; otherwise the axillae are free. Below the right 
clavicle the superficial veins of the thorax are dilated and tortuous. 
This finding was interpreted as evidence of pressure on the mediastinal 
vessels. A roentgenogram shows a definite shadow in the mediastinum 
which corresponds to an area of dulness noted on percussion. 

The edge of the spleen is just palpable. On percussion splenic 
dulness is 16 by 9 cm. 


Blood examination shows the following: 

White cells 14,200 

Red blood-cells 2,440,000 

Hemoglobin 60 per cent. 

Differential blood-count is as follows : 

Polymorphonuclear leukocytes SO per cent. 

Small mononuclears 31 per cent. 

Large mononuclears 9 per cent. 

Eosinophils 9 per cent. 

Mast cells ^ per cent. 

Blood-pressure Systolic, 100; diastolic, 80 


On January 26, 1914, Dr. Elder removed, under local anesthesia, three 
enlarged lymph-nodes from the left side of the neck. This operation was done 
with the greatest of aseptic precautions. The three nodes were at once taken 
to the laboratory for examination. Under careful aseptic precautions a, por- 
tion of each node was taken for bacteriological investigation, and at the same 
time sections of the nodes ^Yere put into fixing solutions for histological s u j. 
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Pathological Report.— G. H., S-14-58. The specimen consists of three 
discrete, encapsulated lymph-nodes. They measure 2 cm., 25 cm. and 4 cm. in 
diameter, respectively.' The nodes are loosely united by delicate fibrous tissue. 
Each node is enclosed in its own capsule and is only loosely united with those 
about it. The tissues immediately surrounding the lymph-nodes are edematous 
and contain numerous small blood-vessels. The nodes are only a little firrner 
than normal. On section they are of a uniform pale, grayish-white color, with 
a slight yellowish cast. The incised surfaces show a semitranslucent appearance. 
The following microscopical description is based on Zenker and formalin fixed 
tissues, sections from which have been stained with eosin and methylene blue, 
hematoxylin and eosin, Mallory’s phosphotungstic acid, hematoxylin, and con- 
nective-tissue stain. Specimens from each node have been examined for bac- 
teria both by means of direct smears made from the nodes and by means 
of staining sections for bacteria. Histologically the sections of the lymph-nodes 
show briefly the following; The pericapsular tissues are edematous and show 
a slight cellular infiltration. The infiltrating cells are for the most part lympho- 
cytes. The capsules of the nodes are slightly thickened and infiltrated with 
lymphocytes. The lymph-node parenchjmia has largely lost its normal histo- 
logical characters. There are no germinal centers. There is a moderate, though 
not extensive, increase in connective tissue. This connective tissue increase is 
more marked in certain places. The most striking cellular change is the increase 
in endothelial leukocytes and the presence of large multinucleated cells. These 
multinucleated cells occur irregularly distributed throughout the section. There 
are but few eosinophils found. No necrotic areas or areas of acute inflamma- 
tory change are found. 

In the direct smears from the nodes there are a few Gram-positive bacilli 
with morphology similar to the organisms recovered by means of culture. The 
organisms are few in number. Many fields are examined before one is found. 
None of them are intracellular. In sections from the nodes stained by Gram- 
Weigert's method and a modified Gram-Weigert’s there are only a very few 
bacilli demonstrated. These organisms have always appeared as single organ- 
isms, they lie free in the tissue spaces and the cellular characters of the tissue 
immediately surrounding them is in no way different to that elsewhere in the 
nodes. A careful search for organisms within the cells, especially within the 
multinucleated cells, has been made. In no instances have we been able to find 
intracellular organisms. 

The bacteriological procedure consisted in excising small bits of each of the 
lymph-nodes. Some of these were thoroughly macerated in warm sterile saline 
solution. Other pieces of tissue were inoculated directly in various mediums, 
the tissue first being thoroughly rubbed over the surface of the medium. The 
finely macerated tissue was inoculated in large and small amounts on various 
mediums. Both aerobic and anaerobic cultures were made and incubated at 
37.5 C. The inoculated media were examined from time to time. At the end 
of eighteen hours one tube of human blood agar showed a growth of Gram- 
positive cocci in groups. None of the other mediums showed positive results 
until ten days after their inoculation, when a stained smear from one of the 
hydrocele agar tubes showed Gram-positive organisms. The organisms were 
mostly of the coccoid and cocco-bacillar>- type, though a few bacilli were present. 
Within the next two weeks, twent\'-one days after their original inoculation, a 
number of the tubes showed organisms on stained smears. The presence of colo- 
nics on the original tubes could be definitely made out onl}' on certain mediums. 
Growth was first recognized in the gross by a finely stippled-like appearance 
to the surface of the medium. The colonies were largest on the hydrocele 
agar. On this medium they developed near the water of condensation as small, 
almost transparent colonies. The surface of Dorset egg medium showed 
a fine stippled appearance. There slowly developed a grayish precipitate in 
bouillon, and in the water of condensation of the solid medium, especially where 
the water of condensation was abundant. In two of the tubes of hydrocele 
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agar, where large amounts of hydrocele had been added, a grayish cloudy 
growth developed at the bottom of the tube and gradually spread outward 
between the agar and the inner surface of the culture tube.' In the original tubes 
of solid meduim, growth was most abundant in those which contained large 
amounts .of fluid. The presence of the pleomorphism of the organisms found in 
our original culture led us to the strong suspicion, at one time, that we were 
dealing with at least two different organisms. But by transplanting all colonies 
that showed few bacilli and many coccoid and coccobacillary forms on proper 
mediums, especially Dorset egg medium, bacillary forms predominated especi- 
ally in the younger cultures. 

A series of transplants has been made on various mediums and the organ- 
isms grown through several generations. The morphological characters of 
these organisms have varied greatly on different mediums, and under varying 
growth conditions. Cultures of the same age on various mediums show cer- 
tain characters common to them all and certain characters that vary in the dif- 
ferent mediums. They are all Gram-positive and non-motile and none of them 
is acid fast. The resistance to acid decolorization has been studied by using 
Gabbet’s method and the Ziehl-Neelson method of staining for tubercle bacilli. 
In using the Ziehl-Neelson method varying dilutions of acids have been employed 
as decolorizing agents, and the results obtained compared with a young cul- 
ture of tubercle bacilli (human type), Bacillus typhosus and Staphylococcus 
pyogenes aureus. These organisms were smeared on the same slide, and, in so 
far as possible, smears were made of uniform thickness. In the staining process 
each slide has been treated similarly. The following results have been obtained : 
Dilutions of nitric acid for decolorizing were employed from 30 per cent, 
strength down to 0.5 per cent. The organisms under consideration. Bacillus 
typhosus and Staphylococcus aureus were completely decolorized in all of the 
dilutions used, while the tubercle bacillus remained acid fast throughout. 

The morphological characters of the organism in Dorset egg medium is 
as follows: Most of the organisms are of a definite bacillary type. Many of 
them show sharp, deeply staining granules within them. These granules may 
be either unipolar, bipolar, or bipolar with two or more deeply staining areas 
in the bodies of the organisms between the two poles. The form of the bacillus 
is not constant. Most of them are. comparatively long and narrow and show 
varying degrees of curving. There are a few branching forms with or without 
polar bodies in them. As many as four branches have been found in one 
organism. 

A series of roll cultures were made using agar with various percentages 
of fluid medium, as hydrocele, defibrinated blood, etc. 

A series of these tubes was inoculated under both anaerobic and aerobic 
conditions. In all the roll cultures growth developed, but the most luxuriant 
growth took place in the anaerobic cultures, especially in those containing 
proportionately large amounts of fluid. In both the anaerobic and aerobic cul- 
tures colonies did not appear at all or only sparsely and slowly within the 
first 1 to 1.5 cm. of the upper surface of the medium. At this point? there 
developed a narrow band of closely packed colonies. This band varied^ in 
width : in some of the tubes it reached 3 cm. in others it was only a few milli- 
meters. Below this point the colonies were not nearly as numerous though 
they were present throughout the remainder of the mediums. There slowly 
developed a heavy grayish diffuse growth between the outer surface of the 
medium and the inner surface of the culture tubes. This growth was most 
marked in the lower half of the tube. 

The organism as a rule has not grown in fluid medium as well as in the 
solid medium. 
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SULIMARY 

We have isolated from the enlarged lymph-nodes of a patient who 
showed the clinical picture of Hodgkin’s disease, and from whom 
excised glands- histologically corresponded to this disease, a pure 
culture of a pleomorphic’ Gram-positive, non-motile, non-acid fast, 
facultative anaerobic organism, similar to those described by Bunting 
and Yates. 

Cultures of the organism isolated by us have been repeatedly 
injected into the tissues about the axillae of an adult monkey (Macacus 
rhesus), but up to the time of this report we have obtained no con- 
clusive results. 



THE OCCURRENCE OF MALIGNANT NEOPLASMS IN 

THE YOUNG • 

AS SHOWN BY AN ANALYSIS OF 2,000 CASES OF MALIGNANT NEOPLASMS 
EXAMINED IN THE PATHOLOGICAL LABORATORY OF 
THE UNIVERSITY OF MICHIGAN * 

ALDRED SCOTT WARTHIN, M.D. 

ANN ARBOR, MICH. 

The present study is based on an analysis of 2,000 cases of malig- 
nant neoplasm contained in a total of 3,600 cases of neoplasm examined 
microscopically in the Pathological Laboratory of the University of 
Michigan during the years 1895-1913. This material is the same as 
that used in the two papers by Dr. Weller and myself^ in The Archives 
OF Internal Medicine in 1913. As stated there, the material studied 
is a homogeneous one, derived almost entirely from the state of Mich- 
igan, and representing the average population of the state. Further, 
the material has been utilized not only for the purposes of practical 
diagnosis, but also in the teaching of pathologic histology, so that the 
percentage of error in diagnosis can be safely regarded as reduced to a 
minimum. This point is of especial importance, since the majority of 
statements concerning the occurrence of malignant neoplasm in the 
■young are to be found in writings of the Virchow period when no exact 
differentiation of carcinoma and sarcoma was made, and when malig- 
nant teratoid tumors were classed as sarcoma or carcinoma or chon- 
droma, etc., as the case might be, according to the preponderance of 
one or the other of the elements making up the growth. Doubt is, 
therefore, justly thrown on many of the diagnoses in the reported 
cases of congenital and early-life tumors. As Williams has mentioned, 
this is particularly true of the tumors described as “epitheliomata.” 

The age-period of 1 to 30 years has been chosen, as covering the 
entire period of development. It is of the greatest importance as far 
as the broad general neoplasm problem is concerned to establish the 
relations existing, if any, between the origin of neoplasms and the 

* Submitted for publication Sept. 14, 1914. 

* Read before the Association of American Pathologists and Bacteriologists, 
Washington, D. C., 1913. 

* From the Pathological Laboratory of the University of Michigan, Ann 
Arbor, ^lich. 

1. Weller, C. V.: Age Incidence in Carcinoma, The Archives Int. Med., 
1913, xii, 539. Warthin, A. S.: Heredity with Reference to Carcinoma, etc., 
ibid., p. 546. 
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periods of bodily growth. The statement is frequently met in the 
literature that the development of malignant neoplasms is especially 
related to the climacterics. It is essential to know if such a relationship 
exists in the case of the lesser climacterics as well as of the grand. In 
the consideration of the occurrence of neoplasms in the young the first 
three decenniums should be taken as covering the periods of dentition, 
puberty, youth and early sexual maturity, if this question is to be 
settled. This has not yet been done. The greater number of the 
reports of malignant neoplasm has been concerned almost wholly with 
the question of earliness. Numerous cases of congenital and early-life 
neoplasms are recorded in the transactions of pathologic societies with 
reference to this one point; but little analysis has been made of col- 
lected cases from the more important point of view. 

Of the 2,000 cases of malignant neoplasms studied, 195, or 9.75 per 
cent., occurred in the age-period 1 to 30 years. Of these 108 cases, or 
55.4 per cent., were in males, and 87, or 44.6 per cent., in females 
(Table 1). The forms of neoplasms and their distribution through the 
thirty years is as follows ; 


AGE INCIDENCE 


First Ye.\u 

Rhabdomyosarcoma of kidney. 
Round-cell sarcoma of orbit. 
Lymphosarcoma of intestines. 
Adenosarcoma of kidney, congenital. 
Malignant teratoma of testis. 
Angiosarcoma of eye. 

Myosarcoma of femur. 

Congenital fibrosarcoma of neck. 
Round-cell sarcoma of eye. 
Spindle-cell sarcoma of jaw. 
Adenorhabdomyosarcoma of kidney. 

Second Year 
Lymphosarcomatosis. 

Angiosarcoma of eye. 

Third Year 

Small spindle-cell sarcoma of radius. 
Rhabdomyosarcoma of kidney. 
Spindle-cell fibrosarcoma of neck. 
Lymphosarcoma of orbit. 

Fourth Year 
Lymphosarcoma. 

^lyosarcoma of bladder. 
Squamous-celled carcinoma of ear. 
Rhabdomyosarcoma of testis. 

Small round-cell sarcoma of eye. 

Fifth Ye.ar 

No cases. 

Sixth Year 
Lymphosarcomatosis. 

Round-cell sarcoma of femur. 


Seventh Year 

Osteochondrosarcoma of femur. 
Eighth Year 

Spindle-cell sarcoma of orbit. 

Large round-cell sarcoma of tibia. 

Ninth Year 

Large round-cell sarcoma of leg. 
Fibrosarcoma of nose. 

Tenth Year 
Osteosarcoma of foot. 

Spindle-cell sarcoma of eyelid. 
Round-cell sarcoma of tibia. 

Small round-cell sarcoma of orbit. 

Eleventh Year 

Squamous-celled carcinoma of leg. 
Sarcoma of eye. 

Lymphosarcoma of intestine. 

Twelfth Ye.vr 

No cases. 

Thirteenth Ye.\r 

No cases. 

Fourteenth Year 
Spindle-cell sarcoma of ulna. 
Squamous-cell carcinoma of mouth. 
Carcinoma of stomach. 

Osteosarcoma of pelvis. 
Adenocarcinoma of umbilicus (con- 
genital). 

Basal-celled carcinoma of eye. 
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AGE INCIDENCE— (Continued) 


Fifteenth Year 
Adenocarcinoma of ovary. 
Endothelioma of orbit 

Sixteenth Year 

Osteochondrosarcoma of femur. 
Alveolar sarcoma of tibia. 

Large round-cell sarcoma of uterus. 
Medullary carcinoma of ovary. 

Large spindle-cell sarcoma of clavicle. 
Osteosarcoma of tibia. 

Osteochondroma of scapula. 
Round-cell sarcoma of femur. 

Seventeenth Year 

Spindle-cell sarcoma of^ tibia. 

Sarcoma of parotid region. 
Osteosarcoma of femur. 

Eighteenth Year 
Basal-cell carcinoma of eye. 

Malignant teratoma of ovary. 
Osteosarcoma of humerus. 

Colloid carcinoma of colon. 

Round-cell sarcoma of skin of thigh. 

Nineteenth Year 
Malignant teratoma of ovary. 

Small round-cell sarcoma of orbit. 
Alveolar round-cell sarcoma of ribs. 
Large spindle-cell sarcoma of brain. 
Spindle-cell sarcoma of bladder. 
Metastatic carcinoma in cervical 
lymph-nodes. 

Squamous-celled carcinoma of cheek. 
Melanotic sarcoma of skin. 

Twentieth Year 

Colloid carcinoma of intestine. 
Spindle-cell sarcoma of parotid. 
Malignant syncytioma of uterus. 
Malignant teratoma of testis. 

Scirrhous carcinoma of stomach. 
Fibrosarcoma of jaw. 

Small spindle-cell sarcoma of jaw. 
Spindle-cell sarcoma of face. 
Fibrosarcoma of popliteal space. 

Twenty-First Year 
Squamous-celled carcinoma of cervix. 
Myosarcoma of femur. 

Basal-celled carcinoma of conjunctiva. 
Lymphosarcomatosis. 

Giant-cell sarcoma of ulna. 

Twenty-Second Year 
Squamous-celled carcinoma of skin of 
abdomen. 

Osteosarcoma of pubis. 

Giant-cell sarcoma of jaw. 
Lymphosarcomatosis. ^ 

Squamous-celled carcinoma of eye. 
Small round-cell sarcoma of fibula. 


Twenty-Third Year 

Squamous-cell carcinoma of skin. 
Carcinoma of breast, * 
Lymphosarcomatosis • 

Basal-cell carcinoma of eye. 

Colloid carcinoma of cecum. 

Twenty-Fourth Year 

Adenocarcinoma of cecum. 
Adenocarcinoma of breast. 
Adenocarcinoma of ovary. 
Osteochondrosarcoma of pelvis. 
Alveolar round-cell sarcoma of neck. 
Malignant teratoma of testis. 
Fibrosarcoma of nose. 

Malignant teratoma of testis. 

Twenty-Fifth Year 
Squamous-cell carcinoma of chin. 
Medullary carcinoma of breast. 
Malignant teratoma of testis. 
Osteosarcoma of femur. 
Lupus-carcinoma of face. 
Lupus-carcinoma of cheek. 

Melanotic sarcoma of skin. 

Giant-cell sarcoma of jaw. 
Myosarcoma of uterus. 

Malignant teratoma of testis. 

Twenty- Sixth Year 

Sarcoma of skin. 

Basal-cell carcinoma of lip. 

Round-cell alveolar sarcoma of 
humerus. 

Squamous-celled carcinoma of cervix. 
Spindle-cell fibrosarcoma of jaw. 
Fibrosarcoma of breast. 

Twenty-Seventh Year 
Adenocarcinoma of uterus. 

Carcinoma of antrum. 

Spindle-cell sarcoma of breast. 
Lymphosarcomatosis. 

Medullary squamous celled carcinoma 
of cervix. , 

Squamous-celled carcinoma of hp. 
Adenocarcinoma of uterus. 
Squamous-celled carcinoma of hand. 
Malignant teratoma of testis. 
Adenocarcinoma of thyroid. 
Squamous-celled carcinoma of cervix. 

Twenty-Eighth Year 
Malignant teratoma of testis. 
Cystocarcinoma of ovary. 

Carcinoma of breast.^ 

Squamous-called carcinoma of hp. 
Rodent ulcer of eye. 

Scirrhous carcinoma of pylorus. 
Malignant teratoma of testis. 

Medullary round-cell sarcoma of popli- 
teal space. 

Sarcoma of ovary. 
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AGE INCIDENCE— (Continued) 


Twentv-Eighth Year — (^Continued) 

Endothelioma of neck. 

Malignant teratoma of testis. 
Squamous-celled carcinoma of mouth. 
Cystadenocarcinoma of breast. 
Squamous-celled carcinoma of lip. 

Twenty-Ninth Year 
Spindle-cell sarcoma of femur. 
Carcinoma of parotid. 

Cystocarcinoma of ovary. 
Endothelioma of orbit. 
Squamous-celled carcinoma of penis. 
Adenocarcinoma of tube. 

Rodent ulcer of inner canthus. 
Endothelioma of mouth. 
Squamous-celled carcinoma of cervix. 
Adenocarcinoma of rectum. 
Squamous-celled carcinoma of cervix. 
Basal-celled carcinoma of lip. 
Medullary carcinoma of breast. 
Basal-called carcinoma of nose. • 
Squamous-celled carcinoma of lip. 

Thirtieth Year 

Spindle-cell sarcoma of ovary. 
Melanotic sarcoma of skin. 

Spindle-cell sarcoma of heel. 


Medullary carcinoma of cervix. 
Endothelioma of chin. 

Squamous-cell carcinoma of cervix. 
M 3 'Osarcoma of cervix. 
Lymphosarcoma. 

Cystocarcinoma of ovary. 
i\Iyosarcoma of uterus. 

Squamous-cell carcinoma of penis. 
Medullar}’- carcinoma of breast. 
Carcinoma of breast. 

Medullary carcinoma of cervix. 
^Medullary carcinoma of breast. 
Lymphosarcomatosis. 

Squamous-celled carcinoma of cervix. 
Medullary carcinoma of cervix. 
Adenocarcinoma of rectum. 
Adenosarcoma of cervix, congenital. 
Malignant S 3 'ncytioma of uterus. 
Lymphosarcomatosis. 

Squamous-celled carcinoma of cervix. 
[Medullary carcinoma of breast. 
Scirrhous carcinoma of breast. 
Squamous-celled carcinoma of lip. 
Cylindroma of parotid. 
Squamous-celled carcinoma of leg. 
Squamous-celled carcinoma of lip. 
M 3 'Osarcoma of uterus. 


The types of neoplasms were divided as follows : carcinoma 77, or 
39.5 per cent. ; sarcoma 92, or 47.3 per cent. ; malignant teratoma 19, 
or 9.7 per cent. ; malignant syncytioma 2, or 1 per cent. ; endothelioma 
5, or 2.5 per cent. If the malignant syncytioma and the malignant 
teratoma be added to the carcinoma, as all of the latter showed atypical 
epithelial proliferations, even in many cases to the extent of producing 
epithelial metastases of the nature of carcinoma, and as malignant 
.syncytioma is epithelial in origin, it will be seen that the types of malig- 
nant neoplasms in this series are nearly evenly divided between con- 
nective-tissue and epithelial growths (Table 1). 


TABLE 1. — Malignant Neoplasms, 2,000 C.vses; in the Age Period 1-30 
Years, 195 C.vses, or 9.75 Per Cent. 



Cases 

Per Cent. 

Males 

108 

55.4 

Females 

87 

44.6 

Carcinoma 

77 

39.5 

Sarcoma 

92 

47.3 

Malignant Teratoma 

19 

9.7 . 

Malignant Syncytioma 

2 

1.0 

Endothelioma 

5 

2.5 


Of the carcinomas the distribution as to locality was as follows: 
antrum 1, breast 12, eye and conjunctiva 7, small intestine 1, colon 1, 
cecum 2, rectum 2, lip 9, lymph-nodes 1, mouth 2, ovary 6, parotid 1, 
penis 2, tube 1, hand 1, leg 2, ear 1, cheek 2, nose 2, chin 1, elbow 
stomach 2, pylorus 1, umbilicus 1, cervix of uterus 12, endometrium 2, 
thyroid 1 (Table 2). 
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TABLE 2. — Site of Carcinoma 


Antrum 1 

Breast 12 

Eye, conjunctiva 7 

Intestine 1 

Colon 1 

Cecum 2 

Rectum ' 2 

Lip 9 

Lymph-Nodes, metastatic 1 

Mouth 2 

Ovary 6 

Parotid 1 

Penis 2 

Tube 1 


Skin, back of hand 1 

Leg 2 

Ear 1 

Cheek 2 

Nose 2 

Chin 1 

Elbow 1 

Stomach 2 

Pylorus 1 

Umbilicus 1 

Uterus, cervix 12 

Endometrium 2 

Thyroid 1 


The distribution of the sarcomas with respect to site was : bladder 2, 
jaw 7, femur 10, tibia 6, fibula 1, heel 1, foot 1, pelvis 3, humerus 2, 
ulna 2, radius 1, rib 1, scapula 1, clavicle 1, brain 1, breast 2, eye 5, 
eyelid 1, orbit 5, face 1, intestine 2, lymph-nodes 10, muscle of abdo- 
men 2, neck 4, nose 2, ovary 2, parotid 3, popliteal space 2, skin 5, 
body of uterus 4, cervix 2 (Table 3). 



TABLE 3.— Site 

OF Sarcoma 


Bladder 

2 

Breast 

2 

Bone and Periosteum — 


Eye 

s 

Jaw 

7 

Eyelid 

1 

Femur 

10 

Orbit 

5 

Tibia 

6 

Face 

1 

Fibula 

1 

Intestine 

2 

Heel 

1 

Lymph-nodes 

10 

Foot 

1 

Muscle, abdominal 

2 

Pplvis 


Neck • 

4 

TTnmpriiQ 

2 

Nose 

2 

IJlnji 

9. 

Ovary 

2 

Radius 

1 

Parotid 

3 

Rib 

1 

Popliteal space 

2 

5^ranii1a 

1 

Skin 

5 

Flavirlp 

1 

Uterus 

4 

Brain 

1 

Cervix 

2 


The distribution of the malignant teratomas was : cervix of uterus 1, 
kidney 4, ovary 2, testis 12. The endotheliomas were distributed as 
follows: chin 1, orbit 2, mouth 1, neck 1' (Table 4). 


TABLE 4 


Site of Malignant Teratoma 

Cervix uteri 1 

Kidney 4 

Ovary 2 

Testis 12 


Site of Endothelioma 

Chin 

Orbit • • 

Mouth 

Neck 


The chart shows graphically the age distribution. It will be seen 
by this that the curve is high during the first year, falls then to rise 
at puberty, after which there is a steady rise up to the limit of the 
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period, age 30. The large number in the first year emphasizes the 
importance of the congenital factor, and this influence is felt in the 
case of the majority of the tumors found up to the period of sexual 
ripeness, even when no actual evidences of a teratoid nature could be 
demonstrated in the tumor. Sarcoma predominates in the period of 
infancy and childhood; but the parallel increase of both sarcoma and 
carcinoma zvitJi age is notezvortliy and in- contradiction to the usual 
belief that sarcoma is essentially a disease of childhood. The cases of 
malignant teratoma fall in the periods of early childhood and develop- 
ing sexual life. Particularly is this the case with the malignant tera- 

AQt DISTRIOUTIOH 


SARCOMA CABCIMOMA ^ MALiaNANT TERATOMA 



Chart showing age distribution of sarcoma, carcinoma and malignant 
teratoma. 

tonias of testis and ovary, the majority of these cases developing after 
puberty and in the early period of sexual maturity. No especial rela- 
tionship to the period of dentition is shown. We had no cases in the 
fifth year, and none in the twelfth and thirteenth years. The number 
of cases in the years 6 to 11 is too small to show any conclusion. The 
main facts shown by the chart are the relatively high number of con- 
genital tumors, the gradual increase in incidence of tumors from the 
age of adolescence into mature life, the relation of malignant teratomas 
to puberty and the parallel incidence of carcinoma and sarcoma. 


2. Williams: The Natural History of Cancer, 1908. 
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The .best analysis of congenital and early-life neoplasms is that by 
Williams.2 The analysis of our 195 cases of malignant neoplasms of 
this period differs in a number of ways from his. His analysis is based 
on Duzan’s analysis of 182 malignant tumors of early infancy, Picot’s 
analysis of 424 cases, his own of 56 consecutive cases, Poinsot’s 25 
cases of bone sarcoma in infancy. Gross’ study of sarcoma of the long 
bones (51 cases) and 41 cases tabulated by Butlin and Colby. Williams 
points out the relative frequency of retinal glioma and renal tumors as 
congenital. No retinal glioma occurs in my series, and only four cases 
of congenital neoplasm of the kidney. Likewise the tendency to sar- 
coma observed by him on the part of the scapula is not shown in our 
series, only one case being included. 

Williams concludes that prenatal life, infancy and childhood are 
wholly exempt from malignant epithelial tumors. He rejects many of 
the reported cases as untrustworthy. He gives the earliest age at which 
carcinoma has been positively demonstrated as 11 years (columnar- 
celled cancer of rectum). He himself saw a case of rodent ulcer at 
14 years. He asserts that under the age of puberty cancer is prac- 
tically unknown. In our list we find an undoubted and typical 
squamous-celled horny cancer of the lobe of the- ear at 4 years (no 
evidence of teratoid origin could be found) ; at 11 years a typical horny 
squamous-celled carcinoma of the skin of the leg; in the fourteenth 
year an adenocarcinoma of the umbilicus (teratoid in origin), a typical 
squamous-celled carcinoma of the mouth, a basal-celled carcinoma of 
the eye and an adenocarcinoma of the stomach. Our list then gives 
undoubted examples of earlier carcinoma than those recorded by 
Williams. He also reports the earliest examples of cancer of the 
breast as occurring at 20.5 and 21 years. Our list gives two operated 
on in the twenty-third year, the tumors having begun to develop before 
the twentieth year. 

My conclusions in the main agree with those of Williams. Malig-- 
nant tumors are relatively rare before puberty, but there is a steady 
ascending line of occurrence from childhood onward to middle life, 
both sarcoma and carcinoma showing a parallelism of occurrence. This 
fact is also strikingly brought out in the study of sarcoma by Dr. 
\Veller. Our cases in a large measure also support Williams view of 
the congenital or teratoid origin of malignant neoplasms in infancy and 
early life. 

The tendency to malignant tumors is relatively slight before se.xual 
maturity is reached, increases during the period of sexuaTniaturity, iip 
to the age-period of 58 to 62. With the decline of the organism the 
tendency to malignant neoplasm decreases. 



EXPERIMENTAL DIABETES INSIPIDUS IN DOGS* 


s. A. :matthews 

LAWRENCE^ KAN. 

It is a well substantiated clinical observation that injuries involving 
the base of the cranium frequently are followed by polyuria which 
may or may not be accompanied by glycosuria. It is also just as well 
substantiated that growths which involve the base of the brain, espe- 
cially the region of the third ventricle, may likewise give rise to 
polyuria which may be accompanied by hyperglycemia sufficient to 
produce glycosuria. These conditions when arising from fractures of 
the base of the skull generally are of short duration, but when they 
result from growths in the region above mentioned, may be more or 
less persistent. 

The first experimental evidence that injuries to the base of the 
brain (in the region of the fourth ventricle) gave rise (under certain 
conditions of the animal operated on) to polyuria accompanied by 
h5^perglycemia and glycosuria was furnished by the classic experiment 
of Bernard known as the Bernard piqure. Further, it has been 
observed that certain piqures in the base of the brain may give rise 
to polyuria alone without glycosuria. As Bernard failed to induce 
any glycosuria by his piqure after section of the splanchnic nerves, 
or in fasting animals, our present-day interpretation of his results 
would be that he was dealing with an epinephrin glycosuria. Plowever 
that may be, Cushing^ and his coworkers have thrown some doubt on 
this interpretation, as well as on the assumption of the existence of a 
diabetic center in the floor of the fourth ventricle, and have brought 
forward much experimental evidence to show that the glycosuria 
induced by the Bernard piqure is in all probability of hypophyseal 
origin. The same evidence is applicable to the polyuria induced by 
piqures further forward in the brain.- 

All workers in this field have noted that the injection of extracts 
of the posterior lobe cause a rise in the blood-pressure generally 
accompanied by a transient (more lasting than the increase in blood- 
pressure) polyuria. Like observations^ on the volume of the kidneys 

* Submitted for publication Aug. 31, 1914. 

1. Cushing, H. ; Bull. Johns Hopkins Hosp., 1913, xxiv, 40. 

2. Cushing, by stimulating certain nerves of the autonomic system (Langley) 
which make connection with the pituitary body, and which he claims controls 
its secretion, was able to bring about these conditions (polyuria and glycosuria), 
which he explains in terms of hypersecretion of the nervous part of the gland. 

3. King and Stoland : Am. Jour. Physiol., 1913, xxxii, 405. 
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show the following general results : Immediately following the begin- 
ning of the rise in blood-pressure there is a contraction of the kidneys, 
during which time the secretion of the urine is almost suspended. 
Following this initial contraction and anuria the kidneys begin to 
dilate and often attain a degree of dilatation much above the normal. 
Accompanying and during the time the kidneys remain dilated (about 
thirty minutes from a single dose) there is a marked polyuria, some- 
times glycosuria. The intensity of the diuresis induced is always pro- 
portional to the degree of kidney dilatation and only lasts as long as 
the kidneys remain dilated. This is paramount to saying that the 
diuretic effect of posterior lobe extracts is due to a local dilatation of 
the kidney vessels, thus allowing a greater quantity of blood to pass 
through the kidneys per unit of time than under normal conditions, 
just as the diuresis induced by caffein or strophanthus can be accounted 
for in terms of kidney volume. 

Nearly all the investigations so far on the function of the pituitary 
body have brought out the fact that certain injuries of the posterior 
lobe or of the stalk, such as partial removal of the lobe or irritation 
of the stalk, frequently are followed by polyuria; sometimes, though 
less frequently, by glycosuria, generally transient but sometimes per-- 
sisting for weeks, in which case the polyuria is accompanied by a great 
laying-on of fat."^ In two young female dogs I was able to induce a 
permanent polyuria (a veritable diabetes insipidus) accompanied by a 
rapid accumulation of fat by operating on the base of the brain as 
follows : 

A hole about 5 mm. in diameter was drilled with an ordinary dental burr, 
driven by a dental engine, from the roof of the mouth up through the sphenoid 
bone into the floor of the sella turcica. The opening removed the posterior rim 
of the pituitary fossa and extended back about S mm. This exposed the pos- 
terior surface of the posterior lobe and the region just posterior to it. The 
hole in the sphenoid bone was then plugged with a gutta-percha compound 
such as is used for temporary fillings in teeth. The plug was placed so that 
it would impinge somewhat on the posterior lobe and its stalk and extend up 
into the third ventricle. 

Both animals recovered from the effects of the operation, and the wounds 
healed without^ infection. No nasal trouble followed. No sugar was found 
in the urine secreted during the time of the operation, nor at any subsequent 
time. Only a small amount of urine was passed (about 150 c.c.) during the 
forty-eight hours following the operations. After the second day polyuna 
began to develop. One of these animals in particular (weight 6 kg.) after t e 
fourth day required from 5 to 6 liters of water every twenty- four hours to 
make it comfortable and passed from 5 to 6.5 liters of^ urine per day for 
weeks, and in the same time gained three kilos in weight. While the 
was not eating, drinking and urinating, it simply slept and grew fat. Wit 
an abundance of water (6 to 7 liters) the amount of urine voided per twenty- 
four hours was about equal to the amount of water imbibed , but if water 
given more sparingly (4 liters) the tendency was to pass more urine than the 


4. Cushing, H.: Boston Med. and Surg. Jour., 1913, clxvin, 901. 
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water imbibed. If given an ordinary amount of water (300 to aOO c.c.) about 
600 to SOO c.c. urine would be passed, and the animal would show signs of dis- 
tress. The dog enjoyed a good appetite throughout, eating well of table scraps, 
etc. The sugar tolerance was high ; in fact it was impossible to induce an 
alimentary glycosuria, the animal being able to ingest 15 gm. of glucose per 
kilo body weight in six hours without showing any signs of glycosuria. 

The urine passed was simply a dilute normal urine (specific gravity 1.001- 
1.002). The amount of nitrogen eliminated when computed in terms of the 
food eaten and a normal amount of urine (250 to 300 c.c.) was about normal. 
Also the relative amounts of the different nitrogen constituents of the urine 
were normal. In fact, there was no change in the nitrogen metabolism. The 
inorganic salts were approximately normal. With a given amount of water, 
sufficient to maintain physical comfort (6 liters), the concentration of the urine 
remained about constant (specific gravitj" 1.001-1.002). With less water the 
urine tended to become more concentrated. Ordinary quantities of water, less 
than 2 liters per day, caused great physical discomfort. 

During the animal’s life after the operation (nine weeks) it gained 3 kilos 
(50 per cent.) which seemed to be almost wholly represented by an accumu- 
lation of fat. While it was found impossible to induce an alimentary gly- 
cosuria, the animal responded promptly to phlorizin with a copious output of 
sugar." 

The dog’s temperature remained low throughout, not more than 37 C., and 
the state of lethargy in which it remained indicated profound hypopituitarism 
as defined by Cushing. 

Necropsy . — The hole in the sphenoid bone included about 1 mm. of the pos- 
terior part of the pituitary fossa and extended posteriorly about 4 mm. The 
plug of temporary dental stopping had healed into the bone and protruded up 
along the posterior surface of the gland for about 4 mm. It had impinged 
somewhat on the nervous portion of the gland and the point of the plug was 
in close proximity to the stalk at its entrance into the floor of the third ven- 
tricle. The plug had exerted considerable pressure on the posterior lobe and 
the stalk, but not sufficient to destroy the gland, nor materially to change its 
structure. The anterior lobe was apparently normal and the base of the brain 
was perfectly clean. 

Outside of the cranium the principal pathological finding was an excessive 
accumulation of fat, not only in the regions of the body where fat normally 
deposits, but all the tissues were infiltrated with fat. It was noticed before 
death that the heart was not working well ; and when opened deposits of fat 
were found on the valves and in the interstices of the papillary muscles suf- 
ficient to occupy a large part of the space in the heart’s cavities. In fact, all 
the spaces and interstices in the muscles of the body everywhere were distended 
with fat. The muscle cells themselves were not well nourished. All the glandu- 
lar organs were infiltrated with fat, and the liver especially showed numerous 
necrotic areas. The kidneys were small and the cells contained an excess of 
fat. The glomeruli were full of fat. No marked inflammatory changes had 
occurred in the tubular epithelium, although the cells did not stain well. 

Cushing and his coadjutors as well as nearly all other workers in 
this field have described the occurrence of intense polyurias, generally 
of short duration, following the partial removal of the nervous lobe of 

5. An attempt was made to inhibit the formation of fat in these dogs by 
keeping them under the influence of phlorizin, but abscesses tended to form at 
the site of the injections, so this had to be discontinued. In fact, both animals 
had to be sacrificed on account of abscess formation due to hypodermic 
medication. 
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the gland and also after insult to the stalk. Some of the animals 
described exhibited a moderate polyuria lasting for months, accom- 
panied with an abnormal accumulation of fat. 

There is sufficient evidence now at hand to establish beyond doubt 
that certain manipulations of the posterior lobe, such as partial removal 
or injuries to the stalk, will induce a temporary polyuria and that 
continuous irritation of a small degree, such as slight pressure, may 
bring on a permanent polyuria (diabetes insipidus). Cushing'^ evi- 
dently brought on this condition in one patient by a sellar decompres- 
sion operation, in which only a small fragment of anterior lobe tissue 
was removed. In dogs, experimental diabetes insipidus is accompanied 
by marked symptoms of hypopituitarism and an accumulation of fat. 
From the clinical reports at hand, this rapid accumulation is not so 
apparent, although nearly all the other signs of hypopituitarism have 
been described.® 

To form a true picture from the experimental data at hand of the 
mechanism which operates to induce polyuria and polydipsia is quite 
impossible. One might imagine that by certain manipulations of the 
gland, such as has been described and which are followed by polyuria 
and polydipsia, the posterior lobe can be thrown into a state of hyper- 
secretion ; and that the excess of the secretion acts in the same manner 
as the injection of posterior lobe extract. This would give rise to a 
genei'al vasomotor contraction of short duration followed by a local 
vasomotor dilatation of the kidney vessels of a more lasting character. 
Such a change in the relative blood-supply between the body as a whole 
and the kidneys always gives rise to diuresis. In fact, all chemical 
compounds possessed of diuretic properties act on the vascular system 
in this way (caffein; strophanthus ; pituitrin). Should one attempt, to 
explain the polyuria and polydipsia arising from hypophyseal derange- 
ments, such as has been described in terms of the diuresis caused by 
the injection of extracts of the posterior lobe, the following explanation 
(more or less transcendental) seems to satisfy at least a number of the 
observed facts : 

To conform with this generally accepted interpretation of the action 
of extracts of the posterior lobe in causing diuresis, the kidneys will 
have to be looked on as dialyzing membranes and the urine as a dialy- 
sate. This conception makes the dialyzing membranes (kidneys) per- 
meable to all the normal constituents of the urine, and the rate of 
dialysis to depend on the concentration in the blood of the constituents 
of the urine, and the amount of the solution of these substances 
(blood) which comes in contact with the dialyzing membranes per unit 


6. Marie and Boutier: Rev. neuroi., 1913, xxv, 555. 
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of time. Such a mechanism as this ^YOuld tend to deplete the body of 
water as well as of the etfete materials given off from the tissues into 
the blood, the solution of which in water constitutes the urine.'^ 

Ordinarily, the circulation through the kidneys is about sufficient 
to permit of the passage of about 1,500 c.c. of water with its contained 
substances (urine) per day. To maintain life and comfort this water 
must be replenished from the outside, which is accomplished by 
absorption from the stomach and intestines. When a certain amount 
of water has passed from the body a disagreeable sensation begins to 
manifest itself in the mouth and the pharynx, which is relieved by the 
imbibition of water. When water passes rapidly through the kidneys 
or is given off from the surface of the body in large amounts, this sen- 
sation occurs at frequent intervals, and if the excretion of water is 
very rapid, it may be almost continuous (polydipsia). This is analo- 
gous to the sensation referable to the stomach called hunger. When 
the tissues begin to suffer from lack of food, some influence begins to 
exert itself on the stomach, causing contractions which give rise to 
painful sensations called hunger pains, and which arc relieved by the 
taking of food. In diabetes mellitus the body cannot utilize one of the 
chief food substances (carbohydrates) and in extreme cases hunger 
pains are almost constant.® Likewise when the kidneys permit the 
passage of an excessive amount of water, polydipsia results. 

As already stated, diuresis results whenever an excess of blood is 
permitted to pass through the kidneys in a given time, as compared 
with the blood passing through the remainder of the body in the same 
time. This deviation from the normal relation of the kidney blood- 
supply to the tissues in general would tend to draw off the water from 
the body to an extent sufficient to cause polydipsia. Should the kid- 
neys attain to a great degree of dilatation, such as often occurs after 
the injection of pituitrin, the elimination of water might be sufficiently 
rapid to cause a constant state of polydipsia, and if one were allowed 
to imagine a condition of prolonged dilatation of the kidneys to result, 
a state of polyuria and polydipsia comparable to the dog described 
might well result. 

While this explanation satisfies quite well most of the conditions 
present in the polyurias and polydipsias of hypophyseal origin, both 
clinical and experimental, it can hardly be said that there is sufficient 

7. Water and the inorganic salts are essential to life and must therefore 
be considered as fools. If the effete materials which result from cell met- 
abolism appear in the urine as dialysates they must first be held in a state of 
solution. So it would appear that one of the functions of water in the animal 
economy is that of a solvent for these effete substances, and that its excretion 
is necessary to accomplish their excretion. 

8. Luckhardt: Am. Jour. Physiol., 1914, xxxiii, 313. . 
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experimental evidence at hand to support it unconditionally, although 
experimental evidence in its support is not wholly wanting. We can 
hardly say, however, that we have sufficient evidence at hand to prove 
that operations on the pituitary body such as are followed by polyuria 
and polydipsia, or that such pathological lesions as give rise to polyuria, 
cause a hypersecretion of the posterior lobe of the gland sufficient to 
keep the kidneys in a dilated state for weeks or months. Neither have 
we sufficient evidence to claim that a constant hypersecretion of the 
posterior lobe will keep the kidneys in a state of dilatation, nor do 
we know that repeated doses of posterior lobe extract over a long 
time Avill accomplish any such results. In fact, Farini,^ P. Bioch,’^® 
R. BalneP’- and von den Veldeffi- claim that in human subjects the 
injection of posterior lobe extracts exerts no diuretic influence at all, 
and that when administered to patients suffering from diabetes insip- 
idus they reduce the amount of urine passed to or below normal. In 
normal dogs injections of posterior lobe extract twice daily failed to 
modify the amount of urine passed over a period of seven days. 

Direct stimulation of the posterior lobe or of the nerves going to it 
generally cause a contraction of the kidneys which may last for a few 
minutes only (ten to fifteen) to be followed by a dilatation accom- 
panied by diuresis, or the initial contraction may last for hours (twenty- 
four to forty-eight) eventually to be followed by polyuria, which argues 
for a dilatation of the kidneys. Frequently, while drilling through the 
sphenoid bone, in pituitary operations, an oncometer record of the 
kidney volume being taken at the same time, I have observed a contrac- 
tion of the kidney which sometimes continued throughout the operation 
with almost complete suppression of the urine. In fact, anuria may 
continue for forty-eight hours after the operation. Under like con- 
ditions I have noted an initial contraction of the kidney to be followed 
in from ten to fifteen minutes by dilatation and diuresis, and at other 
times and under identical conditions a dilatation of the kidneys from 
the first accompanied by diuresis. 

While these observations seem contradictory, nevertheless, when 
scrutinized, their lack of agreement is more apparent than real. The 
experimental evidence seems to bring out quite clearly that continued 
stimulation (irritation) not of sufficient intensity to destroy the integ- 
rity of the gland, may give rise to a state of polyuria and polydipsia 
of long duration, lasting at least as long as the stimulation lasts, pro- 
vided, however, the integrity of the gland is preserved. Operations, 

9. Farini: Riforma mecl., 1913. 

10. Bioch, P.: Munchen. med. Wchnschr., 1914, Ixi, 11/ . 

11. Balnet, R.: Bed. klin. Wchnschr., 1913, h 2379 

12. von den Velden: Bed. klin. Wchnschr., 1913, 1, 20»o. 
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such as direct stimulation of the gland for a short time only, or 
partial or total removal of the gland, induce a diuresis of short dura- 
tion, and if we admit that the diuresis results from a setting free of an 
excess of the gland’s secretion, as long as the effects of the excess 
secretion lasts. As to Avhether in these cases of experimental diabetes 
insipidus the volume of the kidneys in increased, we have no direct 
evidence. In fact, we. have no method at hand to demonstrate whether 
or not such a condition exists.^^ 

As for the explanation of the excessive formation of fat under 
these conditions, none is at hand. Carbohydrates seem to be rapidly 
converted into fat, which may account for the high sugar tolerance of 
the animals. At any rate it seems that the food value of the carbo- 
hydrates is reduced very much under the conditions imposed, and that 
the real condition of the body at the end is that of emaciation. In 
diabetes mellitus the body cannot use the sugars, so in experimental 
diabetes insipidus of pituitary origin in dogs the body does not seem 
to be able to utilize either the sugars or the fats to their full extent. 

13. The theory that in diabetes insipidus some substance is liberated in the 
body that renders the kidney epithelium permeable only to dilute solutions, could 
not be made to hold in these dogs. The kidneys here were permeable to a 
urine, having a specific gravity of 1.010, as shown by the imbibition of salt and 
limiting the water supply. 



THE USE OF STRYCHNIN AND CAFFEIN AS CARDIO- 
VASCULAR STIMULANTS IN THE ACUTE 
INFECTIOUS DISEASES* 

L. H. NEWBURGH, M.D. 

BOSTON 

For decades many physicians have relied, with unquestioning- faith, 
on strychnin in the treatment of certain grave symptoms occurring in 
pneumonia, typhoid fever and other acute infectious diseases. Within 
the last twenty-five years some physicians have preferred to use caffein 
(and other drugs) when confronted with these symptoms. The symp- 
toms referred to are those which are thought to signify an approach- 
ing or an already existing failure of the circulation, and strychnin and 
caffein are often believed to be powerful and rapid stimulants for the 
cardiovascular apparatus in such a state. 

It is the object of this communication to discuss briefly the question 
whether failure of either the heart or the vasomotor apparatus is the 
chief cause of death in the infectious diseases ; and to examine, with the 
aid of new data, the pharmacological and clinical evidence for and 
against the use of strychnin and caffein as cardiovascular stimulants 
in infections. 


THE ALLEGED FAILURE OF THE CIRCULATION 

A normal flow of blood is brought about chiefly by two factors — a 
heart which pumps a sufficient amount of blood, and a peripheral 
resistance maintained by the partial contraction of the small arteries. 
The tone of the arteries depends, in its turn, on the normal activity 
of the vasomotor nervous system. 

The Heart . — It is one of the axioms of clinical medicine that the 
heart-muscle may be so seriously damaged in the acute infections as 
to be an important source of death. The symptoms which are alleged 
to signify approaching heart failure of this type are rapid pulse, 
irregular pulse, dyspnea, cyanosis, increased area of cardiac dulness 
and weak heart sounds. Space does not permit a discussion of each 
one of these symptoms. Occasion will, however, be taken to point out 

* Submitted for publication July 1, 1914. 

* From the East Medical Service of the Massachusetts General Hospital. 

* Research aided by a grant from the Council on Pharmacy and Chemistry 
of the American Medical Association. 
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that at least the cyanosis^ and dyspnea- may not be of cardiac origin ; 
that an increased area of dulness is a rare finding in this connection, 
and that most clinicians have great difficulty in judging of the relative 
strength of heart-sounds. 

Nor is the experimental evidence more satisfying. In 1899, 
Romberg, Passler, Bruhns and Muller^ investigated, by means of 
experiments on animals, the cause for the cardiovascular disturbances 
of the acute infectious diseases. They produced a fatal pneumococcus 
septicemia, fatal diphtheria, and a fatal pyocyaneous infection in rab- 
bits. Even when the animals were near death, upward stroking of the 
abdomen still caused a moderate rise in blood-pressure, and clamping 
the abdominal aorta was still followed by a sharp rise in pressure. 
Romberg and his coworkers argued that if the heart-muscle were 
exhausted, it would yield before an increasing load, and so the two 
above-mentioned maneuvers would not result in a rise of blood- 
pressure. Stejskal'^ disagreed with their conclusions because he was 
able to show that abdominal massage could increase arterial pressure 
even in a dead animal. Gottlieb^ also felt that Romberg’s data did not 
justify his conclusions. MacCallum” has recently reinvestigated the 
state of the heart in fatal diphtheria intoxication. He says in one 
place : 

There is no comparison between the perfused normal heart and the diph- 
theria hearts, all of which are feeble and apt to go into fibrillation. Never- 
theless, although one may receive the impression that the hearts from the 
poisoned animals are rather weak and apt to be irregular, it is clear that they 
continue to beat for several hours after they have shown every sign of failure 
in the body of the dying animal, if only the pressure of nutritive fluid be main- 
tained in the coronary arteries. Indeed, the animal may be allowed to die, and 
an hour after its death the heart can be revived and will beat for a long time. 
All of this seems to show fairly well that the death which occurs in the height 
of an attack of diphtheria is not exclusively the result of direct injury to 
the heart, although that may play some part in the process. 

Such are the data concerning the state of the myocardium in the 
acute infectious diseases. It is difficult to draw conclusions from them. 
Certain symptoms, such as rapid and irregular pulse, and dyspnea 

1. Peabody, F. W.; The Oxygen Content of the Blood in Lobar Pneu- 
monia, Jour. Exper. Med., 1913, xviii, 7. 

2. Barcroft, J. ; The Respiratory Function of the Blood, 1914, Camb. Univ. 
Press. 

3. Romberg, Passler, Bruhns and Muller; Exp. Untersuchungen fiber die 
allg. Path, der Kreislaufstorung bei acuten Infectionskrankheiten, Arch. f. klin. 
Med., 1899, Ixiv, 652. 

4. Stejskal, K. R. : Kritisch. Exp. Untersuchungen fiber den Herztod in 
Folge von Diphtherietoxin, Ztschr. f. klin. Med., 1902, xliv, 367. 

5. Gottlieb; Med. Klin., 1905, p. 25. 

6. MacCallum, W. G.; The Mechanism of the Circulatory Failure in Diph- 
theria, Am. Jour. Med. Sc., 1914, cxlvii, 37. 
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occurring in the course of acute infections, may logically be offered as 
evidence that the heart is seriously threatened. On the other hand, 
the data collected from experiments on animals fail to show that the 
heart-muscle is exhausted by these diseases. But these latter data are 
not entirely satisfactory, because, being negative, they are open to the 
criticism that a new method of attack might bring forth positive evi- 
dence of serious myocardial injury. 

The Peripheral Resistance . — Having proved to their satisfaction 
that the heart could not be directly responsible for the disturbances in 
question, Romberg and his associates presented further data which 
they interpreted to mean that the vasomotor apparatus was paralyzed 
in these diseases^ Clinicians accepted this hypothesis and quickly began 
to direct their therapeutic efforts against this new agent of death. A 
new reason now existed for the use of strychnin and caffein in these 
diseases, because both of these drugs were said to be powerful vaso- 
motor stimulants. 

But it has been recently shown that the vasomotor apparatus does 
not fail in pneumonia or diphtheria. Porter and PratP and Porter 
and Newburgh® have found the vasomotor reflexes normal in all stages 
of diphtheria and pneumonia; and Newburgh and Minot® have shown 
that the blood-pressure is usually not low in fatal pneumonia. If the 
vasomotor apparatus is normal in pneumonia and diphtheria, it may be 
assumed that it also maintains its integrity in other acute infections. 
Such an assumption is, at least, justified until evidence against it is 
presented. 

To sum up this portion of the discussion, it may be stated (1) that 
since there is no evidence that the vasomotor apparatus is injured in 
the acute infectious diseases, it is not logical to direct treatment chiefly 
toward this apparatus ; (2) that the hypothesis that the heart may be 
fatally injured in the acute infections, although far from proved, is 
still tenable in the present state of our knowledge, and that it is con- 
sequently logical to attempt to assist it when it seems to be failing. 

We turn now to strychnin and caffein, two of the drugs so fre- 
quently used as cardiovascular stimulants. 

7. Porter and Pratt: The State of the Vasomotor Center in Diphtheria 
Intoxication, Am. Jour. Physiol., 1914, xxxiii, 431. 

S. Porter and Newburgh : The State of the Vasomotor Apparatus in Pneu- 
monia, Am. Jour. Physiol., 1914, xxxv, No. 1. 

9. Newburgh and Minot: The Blood-Pressure in Pneumonia, The Archives 
Int. ^Ied., 1914, xiv, 48. 
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STRYCHNIN 

Strychnin is used in the treatment of the acute infectious diseases 
because it is believed that it raises the blood-pressure, slows the pulse 
and increases the force of the heart. But a search through the litera- 
ture shows that there is not a single piece of experimental evidence to 
warrant such a belief. 

In fact, Mayer^” in 1871 and Denys^^ in 1885 showed that strychnin 
in medicinal doses did not change the blood-pressure or the rate of the 
heart beat. They studied the effect of increasing doses of strychnin 
on the pressure in the carotid artery of animals and found that the 
pressure did not rise until the dose was sufficiently great to cause 
convulsive twitchings, which began simultaneously with the upward 
movement of the pressure curve. It is important to note that Mayer 
and Denys worked with non-curarized animals, for results obtained in 
animals which have been given enough curare to abolish the reflex 
muscular contractions leave no means of determining whether an 
amount of strychnin sufficient to raise blood-pressure is not also great 
enough to cause convulsions. One is not justified in concluding that 
because strychnin, if given in sufficiently great doses, has a pressor 
effect in curarized animals, it will have the same effect when given to 
human beings in medicinal doses. 

When the use of strychnin in myocardial disturbances is impartially 
investigated, it is found that the evidence all points in one direction. 
Pharmacologists^- have shown that strychnin is without effect on the 
heart until given in doses so large that death from convulsions invari- 
ably ensues. Clinicians^^ have demonstrated that strychnin is of no 
benefit in the treatment of acute or chronic heart disease. 

There are two clinical studies of the effect of strychnin in the acute 
infectious diseases. 

Cook and Briggs^ in 1903, recorded the effects of stimulants in 
hypotensive states. In summing up their results with strychnin they 
said in part: - 

Strychnin produces a rise in blood-pressure varying in average cases from 
one to four hours, and accompanied, in the majority of patients carefully 
observed, by an improvement in the patient’s general condition. When the 


10. Mayer, S. : Ber. d. kais. Acad. d. Wissensch., 1871, Ixiv, 6S7. 

11. Denys, J. : Arch. f. exper. Path. u. Pharmakol., 1885, xx, 306. 

12. Ingersheimer, J.: Ueber die Wirkung des Strychnines auf das ICalt-und 
Warmbliiterherz., Arch. f. Exper. Path, u. Pharmakol., 1905, liv, 73. 

13. Parkinson and Rowlands: Strychnin in Heart Failure, Quart. Jour. Med. 
1913, vii, 42. Newburgh, L. H.: On the Use of Strychnin in Broken Cardiac 
Compensation, Am. Jour. Med. Sc., 1915, cxlix. 

14. Cook and Briggs: Clinical Observations on Blood-Pressure. Johns Hoo- 
kins Hosp. Rep., 1903, xi, 451. 
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routine administration of . strychnin has continued for from eight to twelve 
doses, individual doses often fail to produce any marked immediate rise in the' 
systolic blood-pressure; but in such cases, if one or two doses are omitted and 
the pressure is carefully followed in the interval, it will be seen that there is 
a progressive fall in blood-pressure in the absence of stimulation, the previous 
level being again restored when the drug is renewed. On the whole, strychnin 
is by far the most satisfying cardiovascular stimulant for long continued routine 
administration. 

Such results should have been easy of confirmation. Cabot^'^ under- 
took this task the next year. His observations include five thousand 
measurements in thirty-one cases of typhoid fever, four of pneumonia 
and fifteen others. The total result was negative. He was unable to 
convince himself that strychnin exerts any influence on the blood- 
pressure in febrile cases. Cabot’s experience was such as an acquaint- 
ance with the pharmacology of the drug would lead one to expect. 

I shall present data which ^re in entire accord with those collected by 
Cabot. 

This review of the studies of the action of strychnin must make it 
evident that there is no reason for prescribing it as an aid to a failing 
myocardium. Cook and Briggs’ enthusiastic recommendation of it as 
a powerful pressor agent is not supported by laboratory data and is . 
directly refuted by Cabot’s investigations. 


CAFFEIN 


Caffein has also been credited with the ability to stimulate the vaso- 
motor mechanism and to increase the effectiveness of the heart beat. 
When we examine the evidence on which the use of caffein as a vaso- 
motor stimulant ought to be based, we find that there has been constant 
disagreement among experimenters. Some have asserted that caffein 
had a powerful pressor effect through its action on the vasomotor 
center. Others have stoutly denied this. In a recent review of the 
whole subject the reasons for the confusion have been pointed out and 
new data have been added which finally place the action of caffein on 
the cardiovascular apparatus on a firm basis.’-® This work presents the 
following summary : 

The circulatory effects of moderate doses of caffein consist in vasodilcUation 
combined with sufficient cardiac stimulation to maintain or even increase oo 
pressure. Both of these activities favor blood flow. The oncometer shows 
conclusively that the moderate rise of pressure which is observed m anes- 
•thetized animals is, in most cases, exclusively cardiac. 


IS. Cabot, R. C; Measurements of Blood-Pressure in Fevers, Before, Dur- 
ng and After Administration of Strychnin, Trans. Assn. Am. Phys., lyu , 

"*l6.''sollmann and Pilcher: The Actions of Caffein on the Mammalian Circula- 
:ion, Jour. Pharm. and Exper. Therap., 1911, in, 19. 
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Caffein then does not stimulate the vasomotor center, but it does 
augment the circulation in the way described above, at least in experi- 
mental animals whose hearts were presumably normal. Whether it 
has a similar beneficial effect in diseased hearts remains still to be 
demonstrated. 

NEW OBSERVATIONS OF THE EFFECTS OF STRYCPININ AND CAFFEIN 

Method . — We have collected clinical data in regard to the question 
whether strychnin and caffein are valuable cardiovascular stimulants. 
The observations were made on patients in all stages of acute infec- 
tious diseases and in a few others who exhibited very low blood- 
pressure. 

The effect of single doses of varying size, or a number of doses 
given within a short period of time, on the systolic, diastolic, and pulse- 
pressure, on the rate and character of the pulse, and the respiratory 
rate, and on the general condition, was studied. It has been our invari- 
able procedure to measure the blood-pressure, to count the pulse, and 
usually the respiration, several times immediately before giving the 
drug and every few minutes thereafter, until it was certain that either 
no effect had been produced or that the effect had come to an end. 
Repeatedly, such measurements were made two or more times daily 
throughout the period of illness, so that the drug period could be 
compared over several days with the period preceding it and the period 
following it. 

Limitations of the Method . — When judging of the effect of any 
therapeutic procedure on the blood-pressure, one must thoroughly 
realize that moderate and even large variations result from slight 
external stimuli of all sorts. For example, Zabel,^”^ who investigated 
the causes for sudden changes in pressure, found that a superficial pin 
prick caused a systolic rise of 72 mm. in one individual and that the 
average rise following this stimulus lay between 11 and 30 mm. 
External cold always caused a rise. Even the application of the 
unheated cuff of the blood-pressure apparatus caused a variation of 
23 mm. in one case. The sight of food produced a considerable rise, 
drowsiness a fall. Psychic stimuli caused variations of from 30 to 
46 mm. He found a normal daily afternoon rise. Even if the meas- 
urements were carried out under ideal conditions, that is, by the same 
observer on the same subject, in bed, in a room by himself, on a 
uniform diet, the temperature of the room being constant, and the 
subject being in good health and not exposed to any unpleasant sensa- 

17. Zabel: Plotzliche Bliitdruckschwaukungen und ihre Ursachen, Miinchen. 
med. Wchnschr., 1910, Ivii, 2278. 
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ticns, variations in the readings of less than 10 mni. could only be 
obtained in one case out of five. Our readings were made under con- 
ditions far from ideal. The patients were nearly all exposed to the 
noise and bustle and changing temperature of an open ward. They 
were all sick, some of them desperately so, some of them had painful 
diseases, others were receiving subcutaneous medication every hour. 
It is not necessary to name over every external condition which might 
have had an influence on the pressure curve in these individuals. Under 
such conditions, variations of 10, 15 or even 20 mm. are to be expected 
as the result of unavoidable external stimuli, and unless very con- 
sistent, cannot be held up as evidence in favor of the view that the 
drug is increasing the activity of the vasomotor center, or that any 
other effect peculiar to the drug has been produced. The same reason- 
ing applies to the rate of the heart-beat. 

It is important to point out that the measurements we have made do 
not permit us to state directly whether the drugs examined increase the 
efficiency of the circulation. We are justified in doing nothing more 
than make cautious inferences about the matter from the data obtained. 
It is true that a very rapid pulse is an ominous sign in the acute 
infections and that an agent which can reduce the rate of the heart- 
beat under such conditions must be considered a valuable therapeutic 
possession. On the other hand, the fact that the pulse is not slowed by 
any given drug, does not necessarily mean that the drug may not be 
improving the circulation in other ways. It is equally true that rises 
of blood-pressure do not necessarily signify better circulation, and that 
an increased flow of blood may occur in the absence of any significant 
change in general blood-pressure.^® It has been shown by Hooker^-’ 
that increasing the pulse-pressure in the renal artery is followed by 
increased secretory activity on the part of the kidney, but it must be 
remembered that measuring the pulse-pressure in the brachial artery 
does not necessarily tell us anything about the pulse-pressure in the 
kidney or heart and that local changes in pulse-pressure are, in all 
likelihood, occurring in the organs according to the state of their 
activity. 

With these limitations in mind, we present our data in Tables 1 
and 2, and in the accompanying clinical histories and charts, and offer 
the following summary of the observations we have made. 

18. See for example, Price, F. E.; Bril. Med. Jour., 1912,.p. 689, and Sollmann 
and Pilcher,, loc. cit., Footnote 16. 

19. Hooker, D. R. : The Influence of Pulse-Pressure on Renal Function, 
Am. Jour. Physiol., 1910, xxviii, 24. 
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SUMMARY 

STRYCHNIN 

1. Eight times ouf of seventeen there was no change in systolic 
pressure. Once it fell 10 mm. for two hours. Nine times out of 
seventeen there was a rise in systolic pressure. This rise was small, 
usually brief, often of only a few minutes duration. It was inconstant, 
never to be relied on, often occurring after the first injection of a 
series, then falling to the original level in a short time and not recur- 
ring after subsequent injections. In no instance was the rise accom- 
panied by improvement in the clinical condition. Only once was there 
a rise of more than 15 mm. In this single instance the pressure went 
up 26 mm. for a few minutes. In one patient the examination of the 
lungs caused a rise of from 20 to 30 mm. which lasted one hour; in 
another patient, subcutaneous injection of water caused a greater rise 
than %o gr. strychnin. 

2. Nine times out of thirteen there was no effect on the diastolic 
pressure. Once it fell 10 mm. for forty minutes. In another case 
15 mm. for one and one-half hours. Once it rose 30 mm. for fifteen 
minutes. 

3. Eleven times out of sixteen the pulse showed no change. In no 
case was there a slowing which could be honestly attributed to the drug. 

CAFFEIN 

1. Eight out of nine times there was no effect on the systolic 
pressure. Once it fell 35 mm. during the period of treatment. There 
was not a single rise in systolic pressure as a result of administering 
caffein. 

2. Five out of six times there was no effect on diastolic pressure. 
Once it fell 10 mm. during the period of treatment. 

3. Nine out of ten times there was no effect on the rate of the 
pulse. Once it rose 10 beats per minute during the period of adminis- 
tration. 

4. In no instance was there a measurable change in respiration. 

A few cases deserve special comment. The failure of a large dose 

of strychnin, gr. to raise the pressure of a patient with tuberculous 
enteritis whose systolic pressure had been 80 to 9a mm. for several 
weeks, was considered highly significant. 

A patient with delirium tremens, a frail, small woman, received 
%o gi*- of strychnin every hour for six hours, and after an interval of 
seven hours three more doses at the rate of gr^io per hour, without 
showing either toxic .symptoms or any blood-pressure change. 
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Case 23 is one of typical surgical shock induced by fracture of the 
skull. His initial systolic pressure, which was 55 to 65 mm., was 
unaffected by either gi'- strychnin or 5 gr. of caffein-sodio-salicylate. 
Nevertheless the failure of these drugs to show a pressor effect cannot 
be explained by assuming that the function of the vasomotor center 
was in abeyance, for stimulation of the peripheral nerves was followed 
by a prompt and lasting rise in the pressure of 30 mm. The stimulus 
consisted of scrubbing the wound with tincture of iodin. A similar 
condition was met in Case 12, in which two %o doses of strychnin, 
given within an hour, had no effect on the falling blood-pressure, but 
physical examination was followed by a rise of 40 mm. 

CONCLUSIONS 

1. There is no evidence that the vasomotor apparatus is injured in 
the acute infectious diseases. 

2. The evidence at hand does not permit us to say whether the 
functional activity of the myocardium is seriously impaired in the 
acute infectious diseases. 

3. Strychnin sulphate, in medicinal doses, does not increase the 
output from the heart, slow the pulse or materially raise the blood- 
pressure. There is no logical basis for its use as a cardiovascular 
stimulant. 

4. Caffein-sodio-salicylate, in the doses employed, does not raise 
- the blood-pressure or slow the pulse. The method does not permit us 

to say whether caffein increased blood flow in the cases studied. 

CASE HISTORIES 

Case 9. — L. S., Pernicious anemia. Hgb. 30 per cent. Red cells 1,500,000. 
The patient complained chiefly of great weakness and anorexia. His temper- 
ature was slightly elevated and his pulse somewhat rapid. Examination of the 
heart showed the apex beat to be in the fifth space 3^4 inches to the left of 
the midsternal line. The right border of dulness was inches to the right 
of the midsternal line in the fourth space. The upper border was at the third 
rib. The sounds were regular and of good quality. At the apex there was 
a short systolic and a faint diastolic murmur. At the base similar murmurs 
were heard. The pulmonic second sound equalled the aortic second sound in 
loudness and neither was accentuated. The patient was started on strychnin 
and in the course of four days received 1 4/10 grains subcutaneously. There 
was no change in the cardiac or respiratory rate or in the blood-pressure. There 
was certainly no improvement in the subjective symptoms, and the patient lost 
3 pounds during this period. The physical examination of the heart was as 
before the strychnin period. 

Case 10.— D. C., aged 23, typhoid fever. Moderately sick. Not in need of 
stimulation. Uneventful convalescence. On the third hospital day, 1/20 gr. of 
strychnin was followed by a rise in systolic pressure from 108 mm. to 118 mm. 
Two days later 1/10 gr. of strychnin was followed by a. rise in pressure from 
108 mm, to 115 mm.; 1/10 gr. of strychnin had no more effect than 1/20 gr. 
In both instances the systolic pressure was raised 10 mm. for less than one 
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hour. In the first instance the diastolic pressure did not change, consequently 
the pulse pressure was increased 10 mm. In the second instance the diastolic 
pressure fell 10 mm. with a resulting increase of 20 in the pulse-pressure. The 
rate of the pulse was not materially altered in either case. The strychnin caused 
no subjective sensations. 

Case 11 (Chart 1). — ^A. M. S., aged 16 years. Typhoid fever. Mild attack. 
Not in need of stimulation. The rise in both systolic and diastolic pressures 
following the strychnin is striking, but it will be noted that the systolic pres- 
sure remained 20 mm. higher throughout the day than it had been just before 
the strychnin, and that on the next day it was about 110, which was 10 mm. 
higher than the initial pressure. Such a prolonged effect could scarcely be 
attributed to the strychnin. On the second day after the strychnin, the early 
morning systolic pressure was again 100 mm. but rose during the day to 110 mm.; 
the next day the early morning pressure was 120 mm. In brief, the systolic 



Chart 1 (Case 11). — In this and the following charts the temperature, pulse 
and respiration are represented in the usual way. The systolic blood-pressure 
is represented by circles connected by solid lines. The diastolic blood-pressure 
is represented by circles connected by broken lines. The dosage and the tirne 
of administration of the drug are printed on the chart {Strych. strychnin 
sulphate) . 


blood-pressure of this boy, followed for three daws, showed a variation of 
twenty, due to influences of which we are ignorant. To attribute the rise of 
thirty on the first day entirely to the effect of strychnin would scarcely seem 
justified. It will also be noted that there was no increase m the pulse 
pressure following the giving of strychnin. The drug caused no subjective 

sensations. 

Case 12 (Chart 2).— A. J. G., aged 39. Lobar pneumonia. Not in need of 
stimulation. On the morning of the third hospital day he was given strychnin, 
gr. 2/10, subcutaneously. Up to this time the systolic pressure had been run- 
ning between 133 and 145 mm. and the diastolic pressure about 100 mm. Alter 
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the dose of strychnin the systolic pressure fell to 122 and the diastolic to 90 mm. 
The next morning at 8 a. m. the systolic pressure was still 120, the diastolic 
85 mm. At 8:30 a. m. the patient was examined, and at 9 a. m. the systolic 
pressure was ISO and the diastolic 110 mm. One hour later the systolic pres- 
sure was still 140 mm. It is evident that large doses of strychnin had no 
effect on a falling blood-pressure, and it is equally apparent that mild exertion 
did have a well marked pressor effect. 

Case 13. — P. T., aged 33. Lobar pneumonia. Not in need of stimulation. 
The systolic pressure had fallen progressively for the first three days in the 



Chart 2 (Case 12). — Effect of strychnin sulphate ‘(Strych.), as set forth, 
in the case report. 

hospital from 135 mm. to 120 mm. On the fourth day the patient was given 
strychnin sulphate, gr. 1/10, subcutaneously, at 12 noon and again at 1 :30 p m 
No apparent change followed. 

Case 14.— F. MacD., aged 32, lobar pneumonia. At 4 p. m. and again at 5 
p. m. on the fifth day of the disease, and the third in the hospital, the patient 
was pven strychnin sulphate, gr. 1/10, subcutaneously. He was doing well at 
the time and not in need of stimulation. The systolic blood-pressure was, how- 
ever, 105 mm., and so the attempt was made to raise it by means of large 
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doses of strychnin. The latter had no effect on either the systolic or the dias- 
tolic pressure, or on the rate or character of the pulse. 

Case 15 (Chart 3). — ^L. C., aged 56. Lobar pneumonia, fatal on the fourth 
day in the hospital. The patient was extremely sick at entrance and failed 
steadily in spite of various therapeutic efforts. On the first day she was started 
on digipuratum, gr. three times a day, and camphor, gr. 3, subcutaneously. 



Chart 3 (Case 15.)— Effect of digitalis, caffein-sodio-salicylate (C. S. S.) 
and strychnin sulphate (^StrychS) in a case of pneumonia. 


each two hours, both of which were continued to the end. On the 
caffein, gr. VA each two hours was added. During the last twentjj- four hours 
strychnin was given as shown on the chart. It will be seen t a nei er , 
nor the camphor or caffein had any effect on the course of the disease. ^ 
Case 16— G. C. MacD., aged 25. Lobar pneumonia. Moderately sick. Not 
in need of stimulation. Systolic blood-pressure 110 mm., diastolic pressure 
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Chart 4 (Case 18). — Effect of strychnin sulphate (Strycli.) in a case of 
chronic infectious colitis. Sterile W. s. c. — sterile water s. c. 
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Chart 5 (Case 19). — ^Effect of strychnin sulphate (Strych.) in a case of 
fracture in an alcoholic. 
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80 mm. Strychnin sulphate gr. 1/20, subcutaneously, during the febrile period 
was followed by practically no change in the blood-pressure, but a slowing of 
the pulse, of twelve beats per minute. Strychnin sulphate, gr. 1/10, subcutan- 
eously after the crisis, but while the pressure was still subnormal had practi- 
cally no effect on the pressure or on the rate of the pulse. The strychnin caused 
no subjective symptoms. 
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Chart 6 (Case 20).— Effect of camphor (Cam.) caffein-sodio-salicylate 
(C. S. S.) and strychnin sulphate (Strych.) in a case of lobar pneumonia. 
Siroph, = strophanthin. 

Case 17 B aged 47, lobar pneumonia. The patient died on the third 

day in the hospital. Tincture of digitalis,^ minims 15, three tunes a day cam- 

phor, gr. 1J4 each two hours; the third 

alternating with the camphor, were given throughout the illness. 
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day in the hospital when the systolic pressure was 110 mm. and the diastolic 
75 mm. he was given 1/5 gr. of strychnin. No perceptible results followed. 

Case 18 (Chart 4).— C. A., aged about 25. Chronic infectious colitis. Marked 
loss of weight. Marked weakness. Not in need of stimulation.^ Following 
1/10 gr. of strychnin the systolic pressure rose 12 mm. for fifteen minutes. The 
diastolic pressure did not change. A hypodermic injection of water was fol- 
lowed by a greater and somewhat more prolonged rise in systolic pressure, and 
a rise of 10 mm. in diastolic pressure. 

Case 19 (Chart 5). — N. R. A., aged 51. Fracture of the femur. Alcoholic 
history. Active delirium tremens. The chart shows what large amounts of 
strychnin may be given without producing any material or lasting change on 
systolic blood-pressure, pulse-rate, or respiratory-rate. The patient had 6/10 
gr. of strychnin in six hours and a total of 9/10 gr. in seventeen hours with- 
out showing any toxic symptoms or even a slowing of the pulse. 

Case 20 (Chart 6). — F. O., aged 41. Fatal lobar pneumonia. Several hours 
after entrance to the ward the systolic pressure was 130, the diastolic pressure 
90 mm., and the pulse-pressure 40. The next morning the systolic pressure had 



Chart 7 (Case 21). — Effect of strychnin sulphate (^Strych.) and caffein- 
sodio-salicylate (C. S. S.) in a case of tuberculous enteritis and peritonitis. 

fallen to 90-100, the diastolic to 75-80, and the pulse-pressure to 15-20 mm. Hg. 
During the night she had received camphor, gr. 1J4 subcutaneously each two 
hours for five doses, and caffein, gr. Ij4 each two hours for five doses. Between 
10 a. m. and 2 p. m., and again between 2 p. m. and 6 p. m. she had had no 
camphor. There was, however, no fall in blood-pressure or rise in pulse. 
Between 11 a. m. and 5 p. m. she had had but one dose of caffein. There was, 
however, no fall in blood-pressure or rise in pulse. This would seem to indi- 
cate that neither the blood-pressure nor the pulse had maintained the level 
recorded earlier in the day because of the administration of the drugs. At 
3:45 p. m. she was given strychnin, gr. 1/10 subcutaneously without effect on 
the pulse_ or the blood-pressure. Following strophanthin at 7 :20 p. m. there 
was a slight slowing of the pulse and a slight rise in blood-pressure. The 
patient died at 3 :30 the next morning. 

Case 21 (Chart 7). — A. X., aged about 32. Tuberculous enteritis and peri- 
tonitis. Diarrhea of four months’ duration. Great loss of weight. Marked 
weakness and emaciation. Irregular afternoon rises of temperature. The sys- 
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tolic blood-pressure was 85-95 mm. in the morning with the oatient in bed for 
several days preceding the injection of strychnin. The diastolic pressure could 
not be determined by the auscultatory method. The curve shows well the initial 
rise which often follows, the application of the apparatus, and also the-normal 
afternoon rise in blood-pressure. The injection of 1/10 gr. of strychnin was 
definite effect. _ Several days later, when the systolic blood-pressure 
was ^“85 mm., the injection of 5 grains of caffein-sodio-salicylate was with- 
out effect on the systolic pressure, the rate of the heart, the respiration or the 
subj ecti ve sensations. 


Case 22. — E. B., aged 10 years. Gangrenous appendicitis. Operation, Peri- 
tonitis. Bronchopneumonia. On the second day after operation the boy was 
in poor condition and the attending surgeon thought he had about an even 

chance for recovery. The systolic blood-pressure showed a peculiar phenomenon 

the first beats at the wrist were felt at 115 mm. These beats occurred during 
expiration. During inspiration the pulse disappeared regularly and could not 



Chart 8 (Case 23). — Effect of strychnin sulphate {Strych,) and caffein- 
sodio-salicylate (C. S. S,) in a case of shock following an accident. 

be felt until the mercury column had fajlen to 90, when all the radial beats could 
be felt. Two doses of strychnin sulphate, gr. 1/40 subcutaneously, had no effect 
on this phenomenon, or on the rate of the pulse, which was 140, or on the rate 
of respiration, which was 35. Later in the day S gr. caffein were given with- 
out effect. On the fifth and sixth days his general condition was about the 
same, but his blood-pressure was falling. On the seventh day when the maxi- 
mum systolic pressure was 95 mm. the pulse-rate 120-130 and the respiration 30, 
he had caffein, gr. 3 subcutaneously, every two hours for five doses without any 
apparent effect on the blood-pressure. The pulse, however, rose to 140-150 an 
the respirations to 40 during the caffein period. He recovered after several weeks 
of illness. 

Case 23 (Chart 8).— W. MacC., aged 27. March 26, 6 p. m„ while crossing 
a railroad track he was struck by a train. He was brought to the hopita m 
shock at 7:10 p. m., and immediately placed on the ^^shock table. The acci- 
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toxic; low muttering delirium. October 5, the pulse was recorded at 170 for 
several hours. ^No hemorrhage at any time. October 16 and 17, strychnin and 
caffein were given. ^ The strychnin was followed by practically no change in 
the cardiac or respiratory rates or in the blood-pressures. Caffein was with- 
out effect on the cardiac or respiratory rates and the very moderate changes 
in the systolic and diastolic pressures resulted in a lessening of pulse-pressure. 
The pulse showed a well marked respiratory rhythm and a slight irregularity 
in volume. Neither of these qualities was affected by the drugs. The patient 
had been very sick for some days preceding October 16, but was not losing 
ground and was not in direct need of stimulation when the above mentioned 
drugs were administered. 

Case 25. — G., aged 24. August 20, fever, rapid pulse, leukocytosis, multiple 
pyemic abscesses. Operation. Did not pick up following operation. September 
6, right shoulder, joint incised. September 10, growing worse. No hope for 
recovery. From September S to 8, caffein-sodio-salicylate, gr. 2, each two hours 
subcutaneously, and camphor, gr. 3, each two hours subcutaneously, had been 
given. September 8 the camphor was omitted, because it was thought that it 
was doing no good, and the caffein was reduced to gr. 1. September 11, blood- 
pressure readings were started. September 12, administration of 5 grains of 
caffein was without effect on the blood-pressure, the rate of pulse, or the rate 
of the respiration. 

September 21. Since the last note the patient has been failing steadily. He 
looks as if he were about to die. Caffein, gr. 5, followed by gr. 3, was without 
effect on the blood-pressure. The pulse, however, fell 25 beats. This fall can 
scarcely be attributed to the drug, because the pulse had been at the lower level 
earlier in the morning. Shortly before the 10 :4S a. m. reading, a painful dress- 
ing had been done. The pulse-rate increased in response to this and in the 
natural course of events it fell again to its previous level. Caffein was pur- 
posely given at this time to emphasize the care that must be exercised^ when 
judging of the effect of a drug under these complex conditions. The respiration 
became distinctly slower, following the administration of the drug, and there 
is no evidence to show that this was not a caffein effect. September 22, the 
patient received 17 grains of caffein in eight hours. It was without apparent 
effect on the respiratory or cardiac rates. September 23, died. 

Case 26. — A. P., aged 40. Traumatic compound fracture of right tibia and 
fibula. Fracture of right femur. He was brought to the hospital at 9:45 a. m., 
two hours after the accident, in surgical shock. He was given morphin sul- 
phate, gr. subcutaneously, on entrance. The systolic blood-pressure was 
85 mm., diastolic 50 mm., pulse 62, and the respiration 18. At 10:35 a. m., 5 gr. 
of caffein were injected. No measureable effect followed. 



IMMUNITY TESTS IN COCCIDIOIDAL GRANULOMA* 


JEAN V. COOKE, M.D. 
san fraxcisco 

Human infection by the organism now known as Coccidioides 
immitis was first reported in 1892 by Posadas and Wernicke in Buenos 
Aires. These observers regarded the parasites as protozoa, but later 
(1896) Rixford and Gilchrist gave the organism the binominal desig- 
nation of Coccidioides immitis, and Ophuls succeeded in obtaining pure 
cultures in 1900. Other cases have been recognized from time to time, 
and recently MacNeal and Taylor^ have collected twenty-four cases 
from the literature. In one of these reported by Brown, however 
(Case IS), the diagnosis was not confirmed culturally or by microscopic 
examination. All the reported cases except the first have occurred in 
the United States, and in a large proportion of them the infection can 
be traced to the San Joaquin Valley in California. The disease affects 
chiefly adult males, only one woman and one child being included in the 
cases observed. Only two patients are known to have recovered. 

The infection is characterized by the formation of successive 
nodular or suppurative foci which may affect any part of the body, but 
more often are localized in the bones and joints, lymph-nodes, lungs 
and skin. The clinical symptoms depend on the anatomical distribution 
of the lesions. Histologically, the process resembles tuberculosis and 
belongs to the group of the infectious granulomata, the disease usually 
being termed, therefore, coccidioidal granuloma. In sections and in 
pus from the lesions the organism occurs as refractile, doubly-con- 
toured, spherical bodies varying from 3 to 50 microns in diameter. 
These differ from the parasites found in blastomycosis in that budding 
forms are never seen in the animal body. In the tissues Coccidioides 
immitis multiplies by endosporulation and mycelium is never found, 
but when transplanted on artificial culture mediums the spherical bodies 
form mycelimn almost immediately. Growth appears usually in less 
than a week and is more rapid at incubator temperature. Preparations 
from cultures show septate branching hyphae on which after a period 
of time chlamydospores develop. Dogs, rabbits and guinea-pigs can 
easily be infected with pus from one of the lesions or with emulsions 
from cultures. For more details concerning the clinical, pathological 

* Submitted for publication Sept. 29, 1914. 

* From the Pathological Laboratory of the University of California Hospital. 

1. MacNeal and Taylor: Jour. iMed. Research, 1914, xxx, 261. 
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and microbiological features of the infection reference may be made to 
the papers of Ophuls,- Wolbach,^ Hektoen,^ Brown^ and MacNeal 
and Taylor.^ 

The purpose of this paper is to add two other cases to the list of 
those already observed, and to report the results of a series of experi- 
ments designed to demonstrate specific immune substances in the blood 
of one of these patients, 

CASE REPORT 

History. — Portuguese man (M. M.), aged 25, was admitted to the sur- 
gical wards of the University of California Hospital, Dec. 1, 1913, with mul- 
tiple abscesses. He was born in the Azores Islands, but had been in this coun- 
try for many years. During the three months preceding his present illness 
he had been employed as a milker on a ranch near Newman, Cal. (San Joa- 
quin Valley). His family history and past history were both negative. He 
remembered no previous illnesses and had not been associated, so far as he 
knew, with anyone affected with ulcerations on the skin or with abscesses. 

The history of his illness follows ; About nine months previous to admis- 
sion he noticed a painful lump on his right wrist. This was opened by a phy- 
sician and exuded pus for a considerable length of time. Later his right knee 
began to swell and after three months suppurated. It was aspirated by another 
physician and placed in a plaster cast, but as the rapid suppuration continued 
he was removed to a hospital and the joint was resected. The wound did not 
heal after this operation but continued to discharge pus. During this dime 
other suppurative foci appeared over the right shoulder, left arm, left ankle 
below the external malleolus, and two foci beneath the scalp. 

Physical Exammation . — On admission (Dec. 1, 1913) the right knee showed 
numerous sinuses and the resected joint was mobile and painful; the right 
foot showed a sinus at the first distal metatarsal joint, running up the inner 
side of the foot to an ulcer over the Achilles tendon; the right wrist was rid- 
dled with sinuses discharging pus, the carpus seemed disintegrated^ and the 
lower end of the radius was swollen; left foot showed a discharging sinus 
below the outer malleolus, the left ulna was thickened and just below its mid- 
dle showed a painful soft fluctuating mass about 6 cm. in diameter; two sinuses 
in the scalp ran down to the skull, one over the frontal bone just to the right 
of the median line and the other about 7 cm. posterior to the first; the left 
knee joint was distended and painful. The ulcerated areas at the sinus open- 
ings showed flat irregular granulations at the edges and were bathed in a puru- 
lent secretion. 

The patient appeared considerably emaciated and was quite weak. PhysK^l 
examination was otherwise negative except for a moderate enlargement of the 
cervical, axillary and inguinal lymph-nodes and a slightly impaired resonance 
at the left pulmonary apex. 

Course. — The left knee gradually became more swollen and was aspi^ted 
several times. December 24 it was opened and 1,000 c.c. of pus removed. 
ing the next two months the patient became weaker and more emaciated, a 
the lesions continued to discharge abundant purulent material, and new sup- 
purative foci appeared on the left hip, right axilla and left shoulder. 

March 8 the patient left the hospital against advice. He died a few clays 
later and no necropsy was permitted. 


2. Ophuls: Jour. Am. Med. Assn., 1905, xlv, 1291. 

3. Wolbach : Jour. Med. Research, 1904, xiii,^ S3. 

4. Hektoen : Jour, Am. Med. Assn,, 1907, xlix, 1071 

5. Brown : Jour. Am. Med. Assn,, 1907, xlviii, 743. 



JEA£^ K. tUUKt, 


HOI 


During his stay in the hospital his temperature ranged between 37 and 38 C., 
and the leukocytes varied from 12,000 to 20,000; hemoglobin was 46 to 60 per 
cent. (Dare) ; urine was negative for sugar and albumin. Blood-cultures taken 
on three occasions were negative. Wassermann was negative. The spherical 
doubly-contoured organisms were demonstrable in fair numbers in every speci- 
men of pus examined. One specimen of sputum was reported to contain coccid- 
ioides, but this could not be verified as no more sputum could be obtained. 

Medication . — ^Two doses of neosalvarsan, 0.6 gm., were given intravenously 
and also large doses of potassium iodid, without any apparent effect. 

The Parasite . — Numerous examinations of pus from the various lesions 
showed pus cells and rather numerous retractile doubly-contoured spheres which 
varied considerably in size; some were no larger than a red blood corpuscle, 
while the largest one measured was 40 microns in diameter. All gradations 
between these sizes were seen. The spheres were for the most part composed 
of a coarsely granular protoplasm in which little structure could be distin- 
guished. Some cells, however, appeared filled with small spheres each of which 
had a sharply defined individual capsule, and occasionally the smaller bodies 
could be seen escaping from one of these sporangium-like forms. No budding 
forms were ever observed. 

Cultures at incubator temperature showed a definite tenacious growth at the 
end of twenty-four hours, which after a few days spread over the whole sur- 
face. Old cultures, especially those kept at room temperature, developed 
abundant aerial hyphae and appeared fluffy. In block preparations on glucose 
agar, the spore-like bodies from the pus at the end of twenty-four hours 
showed thread-like outgrowths of mycelium which later became branched and 
segmented. In older cultures the extremities of the segments became bulbous 
or clubbed and chlamydospores developed on some of the hyphae. 

Male guinea-pigs were inoculated both with a few drops of pus from one 
of the lesions and with a small amount of an emulsion of a two-months-old 
agar culture. After a few weeks there occurred in both cases the typical 
marked enlargement of the testes and the animals were killed. At autopsy 
suppurative foci were found in the testes, lungs and liver, from which the 
spherical doubly-contoured bodies were readily demonstrable and pure cul- 
tures were recovered. 

The patient was an Italian man aged 29, and the history obtained was very 
meager. Nine months previous to his admission, while at Bakersfield (San 
Joaquin Valley), he noticed a swelling of the cervical glands. He had been 
treated for some time in a tuberculosis sanatorium. 

Physical examination showed an emaciated man who breathed with diffi- 
culty on account of large nodular masses in the neck. On the forehead above 
the left eye was a large sinus about 4 cm. in depth from which thick yellow- 
ish pus was discharging. 

At the base of this sinus Avas necrotic bone. On the left shoulder were 
two discharging sinuses which extended beneath the clavicle and a similar open 
sinus was present in each supraclavicular fossa. In the neck extending down- 
ward from the angles of the jaw and in the posterior cervical triangles could 
be felt large, somewhat softened nodular masses. Both lips showed several 
healed scars. Aside from the special lesions noted, physical examination was 
negative. On the fourth day after admission the patient died from asphyxia- 
tion. Examination of pus from the discharging lesions showed numerous 
refractile spherical, doubly-contoured bodies, varying somewhat in size, but as 
a rule about three times as large as a pus cell. Many of these spheres were 
apparently filled with numerous small spore-like bodies. No budding forms 
could be found. Cultures gave a mold-like growth. 

An additional case of coccidioidal granuloma was observed in * 
July, 1914, at the Santa Clara County Hospital, San Jose, Cal., by 
Dr. Elizabeth G. Lewis, to whom I am indebted for the following 
clinical and post mortem notes: 
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^ At necropsy the numerous walnut-sized masses, in the neck noted in the 
clinical examination were abscesses filled with yellowish pus, and there was 
also a large postpharyngeal abscess containing similar material. The apex of 
each lung was firmly bound by adhesions and formed part of the wall of an 
abscess which was discharging through a sinus above the clavicle. Section of 
the lung itself, however, showed no gross lesion and nothing noteworthy was 
noted in the examination of the rest of the viscera. 

Tissue saved for microscopic study was unfortunately thrown away by mis- 
take. The only material available for examination was an agar culture from 
the pus. This corresponded in all respects to the cultures of Coccidioides 
immitis from the case above described. 

ANTIBODIES 

This patient was under observation for some time and attempts 
were made to ascertain what demonstrable antibodies were formed in 
response to the infection. The antigens used for this purpose were 
made from the strain of Coccidioides immmitis obtained from the 
patient and consisted of the two forms of the organism — (1) the 
mycelial growth from artificial culture mediums, and (2) the spore- 
like bodies from one of the purulent lesions. The mode of preparation 
of these antigens was as follows : 

1. Antigen from mycelial growth. — A considerable number of agar cultures 
of Coccidioides immitis about four weeks ' old were used. The cotton plugs 
were treated with a few drops of formaldehyd solution and sealed. After 
twenty-four hours the tenacious growth was removed with a platinum spatula 
and dried over sulphuric acid. It was then powdered by grinding for several 
hours in an agate mortar. 

2. Antigen from the organism in the body. — One thousand cubic centimeters 
of rather thick pus from an abscess (knee) was treated with 162 c.c. of anti- 
formin and allowed to stand with occasional shaking for five hours. It was 
then centrifuged and the sediment washed five times with 0.85 per cent. NaCI 
solution, after which the reaction was neutral to litmus. Microscopic exami- 
nation showed that the sediment was composed almost entirely of the spherical 
doubly-contoured bodies. Cultures remained sterile. This sediment was dried 
over sulphuric acid and the residue ground for several hours in an agate 
mortar. A second specimen of 500 c.c. of pus was similarly treated with anti- 
formin, centrifuged and washed. A rather thick emulsion of the spherica 
bodies was made in 0.85 per cent. NaCl solution. This latter was used m e 
agglutination tests and was also used as antigen in some of the complemen 
fixation tests. 

Controls. — A similar powder was made in exactly the same manner . 

cultures of a strain of blastomyces from one of the^ Chicago cases. is 
organism showed many budding forms in culture in addition to myce la grow . 

Normal serums used in all the controls were from ambulatory patients not 
suffering from any infectious disease. 

’ COMPLEMENT FIXATION TESTS 

The antigens used for these tests consisted of 0.5 per cent.^ emul- 
sions of the powdered growth of coccidioides and blastomyces m 0.8a 
per cent. NaCl solution and in addition an emulsion of the spore-hke 
forms of coccidioides obtained from the pus. A rabbit-antisheep 
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hemolytic system was used in all tests and the complement and hemol- 
ysin were always titrated before use. In the tests the inactivated 
patient’s serum with antigen and units of complement were incu- 
bated for one hour and then two units of hemolysin (1:2,000) and 
1 c.c. of a 5 per cent, suspension of sheep corpuscles added. The tubes 
were reincubated for two hours and placed in the icebox. The final 
readings were made the following day. Two normal serums were used 
as controls. On titration it was found that the emulsions of the dried 
mycelium of coccidioides inhibited hemolysis in amounts larger than 
0.07 C.C., and that of blastomyces in amounts larger than 0.05 c.c., 
while the coccidioides “spores” did not inhibit in dilutions of 0.3 c.c. 
Varying amounts of serum up to 0.5 c.c. were tested and the results 
were entirely negative. Another similar series was carried out, using 
inactivated serum collected the same day the tests were done. This 
also gave negative results. 

CUTANEOUS REACTIONS 

Since certain antigens like tuberculin, typhoidin and others cause a 
specific skin reaction, it was thought of interest to try similar reactions 
with coccidioides in the present case. Boughton and Stober^ have 
reported an apparently specific skin test in a case of blastomycosis, 
although it is stated that the patient was recovering from the infection 
at the time the test was done. Davis,® however, was unable to obtain 
a positive skin reaction in guinea-pigs experimentally infected with a 
similar organism. In applying the tests both the intradermal method 
and scarification with a von Pirquet chisel were used. The following 
antigens were employed in each test: (1) A rather thick suspension 
of the powdered mycelial growth of coccidioides suspended in 0.85 per 
cent. NaCl solution; (2) a 5 per cent, glycerin emulsion of the same 
dried powder concentrated to one-tenth its original volume; (3) a con- 
centrated glycerin bouillon filtrate from a four-weeks-old coccidioides 
culture prepared in a manner analagous to that used for making “old 
tuberculin” ; (4) a 'rather thick suspension in 0.85 per cent. NaCl 
solution of the powdered spherical bodies from the pus; (5) and (6) 
suspensions of dried blastomyces growth prepared in a similar manner 
to (1) and (2). Controls of 0.85 per cent. NaCl solution and 50 per 
cent, glycerin were also used. A small drop of each of these was placed 
on a small area of scarification on the skin of the arm made with a 
von Pirquet chisel and allowed to dry. If the material had not dried 
at the end of five minutes, the excess was gently removed with absor- 
bent cotton. No indication of any reaction appeared around any of 

7. Boughton and Stober: The Archives Int. Med., 1914, xiii, 599. 

8; Davis: Jour. Infect. Dis., 1911, viii, 190. 
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the areas in the five succeeding days. The tests were repeated one 
month later and on two control cases with the same result.- 

In the intradermal tests, a very small amount of each of the antigens 
was injected in the superficial layers of the skin of the arm. In all 
except the controls and (3) the concentrated broth filtrate, there was 
formed an indurated red area of reaction from 5 to 10 mm. in diameter 
which at the end of forty-eight hours became pustular. The pus was 
sterile and the lesions had practically disappeared at the end of a week. 
This same reaction occurred in six control patients on whom the same 
tests were done and undoubtedly resulted from irritant substances 
present in the organisms themselves. The same tests were repeated 
after the various antigens had been diluted until no reaction was caused 
in control patients and the diluted antigens caused no reaction in the 
case of coccidioidal granuloma. 

i 

AGGLUTINATION TESTS 

The suspensions of coccidioides used in these tests were obtained as 
above described by treating a specimen of pus with antiformin, and, 
consisted of a considerable number of the spherical doubly-contoured 
bodies in salt solution. The hanging drop method was used and two 
series of preparations made; one was incubated at 37 C. and the other 
left at room temperature. The dilutions made of the serum were 1 : 5, 

1 : 10, 1:20, 1:40 and 1 : 80, and in each experiment the mixtures were 
made of (1) immune serum plus suspension, (2) normal serum plus 
suspension, and (3) salt solution plus suspension. Both the incubated 
series and that left at room temperature were examined at intervals of 
one hour for the first six hours, and again at the end of twenty-four 
hours. The results were entirely negative. 

PRECIPITIN TESTS 

For these tests 0.3 gm. of the powdered mycelial growth of coccid- 
ioides was thoroughly ground with 30 c.c. of 0.85 per cent. NaCl solu- 
tion to which 0.5 per cent, phenol had been added. This suspension 
was allowed to stand for several days, being shaken at intervals, and 
then centrifuged. The faintly opalescent supernatant fluid was 
employed in the tests. Similar extracts were made from the powdered 
coccidioides “spores” and from dried blastomyces cultures. 

The first series of tests was carried out by stratifying the antigen 
above the serum in such a manner as to give a sharp line of contact. 
The tubes were incubated and readings made at the end of one hour 
and two hours. The various antigens were used in their full strengtii 
and also diluted 1 : 2, 1 : 5, 1 : 10 and 1 : 20, with 0.85 per cent. NaCI 
solution. As controls a solution of 0.85 per cent. NaCl solution with 
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0.5 per cent, phenol and normal serums were used. In all, serums from 
twelve control patients were tested. Table 1 gives the results of these 
experiments. 

Another series of precipitin tests was carried out in the usual way 
by mixing various amounts of serum with the same antigens used in 
the previous experiment. The technic used was as follows : Varying 
amounts of clear serum from the patient with coccidioidal granuloma 
were added to a constant amount of the antigen extracts in small test- 
tubes and the mixture diluted to a uniform volume by the addition of 
0.85 per cent. NaCl solution. The tubes were then incubated for two 

TABLE 1. — Results of Precipitin Tests 


Extract, 0.5 c.c. 

Serum from Case of 
Coccidioides, 0.5 c.c. 

Normal Serum * 

0.5 c.c. 

Coccidioides culture 

Heavy ring 

No precipitate 

Coccidioides 1 : 2j4 

Distinct ring 

No precipitate ' 

Coccidioides 1:5 

Faint ring 

No precipitate 

Coccidioides 1 ; 10 

No precipitate 

No precipitate 

Coccidioides 1 ; 20 

No precipitate 

No precipitate 

Coccidioides “spores” 

Distinct ring 

No precipitate 

Coccidioides “spores” 1: 2j4 •• 

Faint ring 

No precipitate 

Coccidioides “spores” 1 : 5 

No precipitate 

No precipitate 

Coccidioides “spores” 1 : 10 

No precipitate 

No precipitate 

Coccidioides “spores” 1:20 .... 

No precipitate 

No precipitate 

Blastomyces 

No precipitate 

No precipitate 

Blastomyces 1 : 2j4 

No precipitate 

No precipitate 

Blastomyces 1 : 5 

No precipitate 

No precipitate 

Blastomyces 1 : 10 

No precipitate 

No precipitate 

Blastomyces 1:20 

No precipitate 

No precipitate 

NaCl solution 0.85 per cent. -{- 
phenol 0.5 per cent 

No precipitate 

No precipitate 


* Eleven other normal serums were tested with the same result. 


hours at 37 C. and placed in the ice-chest. The readings were made at 
the end of twenty-four hours. The usual controls were introduced as 
may be noted from Table 2. 


SUMMARY 

In a case of coccidioidal granuloma studied no specific complement- 
fixing bodies or agglutinins could be found in the blood-serum using 
cultures of Coccidioides i'luiiiitis and emulsions of the same organism 
from human lesions as antigens. No specific skin reaction could be 
demonstrated. Precipitins, however, could be demonstrated in the 
serum even when diluted 1 : 160, when an extract of dried cultures of 
the organism was used as precipitinogen. These precipitins were 
apparently specific, since they could not be demonstrated when normal 
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serum was tested with the same antigen or when the specific immune 
■ serum was tested with an antigen similarly prepared from the closely 
related organism, blastomyces. 

The presence of specific precipitins in this infection must be verified 
by the examination of other cases. It is suggested that this reaction 
might be applied as a means of diagnosis in cases of deep-seated infec- 


TABLE 2. — Additional Precipitin Tests 


! 

1 

1 

Extract ! 
Coccidioides | 
Culture 

Extract 

Coccidioides 

“Spores” 

Extract 
Blastomyces 
Culture - 

NaCI 
Solution 
0.85 Pet. 

1 

Immune serum 1 : 10 

+ 

+ 

0 

0 

Immune serum 1 : 20 

+ 

+ 

0 

0 

Immune serum 1 : 40 

+ 

4 " 

0 

0 

Immune serum 1 ; 80 i 


0 

0 

0 

Immune serum 1 : 160 

+ 

0 

0 

0 

Immune serum 1 : 320 

0 

0 

0 

0 

Normal serum 1 : 10* 

0 

0 

0 

0 

Normal serum 1 : 20 

0 

0 

0 

0 

Normal serum 1 : 40 

0 

0 

0 • 

0 

Normal serum 1 : 80 

0 

0 

0 

0 

Normal serum 1 : 160 

0 

0 

0 

0 

Normal serum 1 : 320 i 

NaCl solution 0.8S per cent, and 

0 

0 

0 

0 

phenol 0.5 per cent 

0 

0 

0 

0 ■ 


-f- — precipitate; 0 = no precipitate. 

*A series of nine other normal serums was tested with negative results. 


tion where there are no discharging lesions from which the spherical 
doubly-contoured bodies can be demonstrated. It might also serve as 
a means of differentiating coccidioidal granuloma from blastomycosis 
in obscure cases. 

Experiments are now being carried out to determine whether 
specific immune substances are formed in infected animals. 

36 Farnsworth Lane. 



THE VALUE OF THE ELECTROCARDIOGRAM IN THE 
DIAGNOSIS OF CARDIAC FIYPERTROPHY * 


E. W. BRIDGMAN, M.D. 

BALTIMORE 

The steady increase in the number of electrocardiographs, their 
constant clinical and experimental application, together with the result- 
ing advance in the knowledge of cardiac activity, all go to show the 
need and importance of this method of investigation. The exactness of 
the instrument in the diagnosis of any of the arhythmias, and the 
simplicity of technic make it indispensable in any large clinic, where it 
tends to supplant the polygraph. When any new technical method is 
devised, be it in bacteriology, physics or diagnosis, it is at once applied 
to different problems in the constant effort towards the establishing of 
new truths. In such a way the electrocardiogram has come to be 
applied in an ever-widening field of cardiac investigation ; and, among 
other uses, it has come to be a method for the determination of hyper- 
trophy of the right and left sides of the heart. There must, of neces- 
•sity, be a constant balancing of methods and results in order that the 
usefulness of a method be ascertained and that further progress be 
securely established. 

To this end it was thought worth while to review the electrocardio- 
grams obtained in the past few years at the Johns Hopkins Hospital, in 
an effort to compare the clinical findings, supplemented as they are by 
radiographic, fluoroscopic, and post-mortem knowledge, with the infor- 
mation obtained from the electrocardiogram. For this purpose some 
two hundred cases were taken, and their discussion will be the pur- 
pose of this paper. They include cases of clinical right- or left-sided 
hypertrophy with normal electrocardiograms, cases with apparently 
normal hearts with electrocardiographic findings of hypertrophy, and 
cases of apparently normal hearts from both the clinical and laboratory 
points of view. 

At this point it would seem apropos to say just a word as to the 
physiological significance of the electrocardiogram. The different 
views, now current, only confirm the conception that the interpretation 
of the various peaks is by no means definite. Thus, is the “R” wave 
of papillary origin? Does the “T” wave result from contraction of a 
ring of muscle at the root of the aorta? Or, indeed, following Eyster’s 
lead, does the “R” wave represent excitation and the “T” wave signify 


* Submitted for publication Oct. 28, 1914. 
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contraction? To avoid a technical paper and to limit it to the clinical 
point of view, such conceptions will not be discussed. It will suffice 
to sum up the general opinion — to regard the “P” as of auricular ori- 
gin and the ‘'QRST” complex representative of ventricular activity, 
where any one point on the curve represents the algebraic sum for the 
particular derivation of the electrical potentials throughout the heart at 
that instant of time. The relative potential of the different sides of the 
heart change with the lead employed, so that the type of curve obtained 
in the left-arm and left-leg derivation is quite different from that 
obtained from the left-leg and right-arm. Furthermore, it would seem 
possible that different cardiac conditions — as relative hypertrophy of 
one side, change of the position of the heart — would be reason for 
changes in the ratio of the electrical potentials expressed by the elec- 
trocardiogram. Again, a thousand and one extra-cardiac conditions 
must be considered — the electrical conductivity of different tissues, the 
character of the retromanubrial tissue, the position of the body, the 
condition of the surrounding organs which might dislocate the heart. 
The age of the patient must be remembered, as the heart of a child is 
relatively larger than that of an adult, and then, with advancing age, 
varying degrees of sclerosis with varying cardiac responses develop. 

Following hypertrophy of the left side of the heart, it is only too 
evident that a relative right-sided hypertrophy will result of an amount 
determined by the extent and duration of the original lesion and the 
reserve force on the right side. It would seem, then, that not only is 
the diagnosis of a pure left- or right-sided hypertrophy very difficult, 
but, a point much more fundamental, it is well nigh impossible to set up 
a physiological standard, and the term “normal” as applied to the 
cardiovascular system is very indefinite and, at best, is relative and 
varies with the individual. The standardization of the electrocardio- 
gram based on such variability is difficult, and its diagnostic value 
decreases proportionately. 

For the purpose of study, however, let us assume the general opin- 
ion that the normal electrocardiogram is one with no progressive 
increase or decrease in the size of the “R” wave in the three deriva- 
tions — that left ventricular hypertrophy would give an “R” wave which 
would be shorter in “Do” than in “D^,” and still shorter or inverted in 
“D3.” While the reverse— a progressive increase in the height of the 
“R” wave from “D,” through “Do” to “D3”— is that associated with 
right ventricular hypertrophy. The absolute ignorance of the signifi 
cance of the “Q” and “S” waves precludes their discussion. 

At first in collecting normal cases, individuals of different ages 
were taken. They were non-patients and were presumably normal. 
But among these were found left- and right-sided hypertrophy, as w e 
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as normal appearing electrocardiograms. This at once necessitated 
careful physical examination and a knowledge of their cardiac history ; 
did they have athletic hearts, was there arteriosclerosis, or beginning 
chronic nephritis? To obtain a thorough physical examination and 
to avoid the personal element, it was thought fairer to cull from the 
hospital records non-cardiac cases that had electrocardiograms, and 
whose physical examination, made by different investigators, and often 
confirmed by roentgenography, or occasionally by post mortem, had 
disclosed normal sized hearts. Thus, fifty cases were obtained of 
clinically normal hearts, in which there was no apparent lesion of the 
cardiovascular system, and in which there was no demonstrable etio- 
logical factor which might lead to cardiac enlargement. These cases 
were diagnosed as neurasthenia, chronic appendicitis, gastric anacidity, 
and the like, and, in all of them, careful examination showed no car- 
.diac abnormalities. Needless to say, that routine examinations by 
several men are more trustworthy than that made by one, and it would 
seem that such cases would be much more adaptable for the establish- 
ing of a norm than fifty persons taken off the street, so to speak, in 
whom the history and routine study would be much less complete. 







_ Fig. 1. — Right ventricular hypertrophy from the electrocardiogram with a 
clinically normal heart. Patient aged 15. 

There were ten patients of ages varying from 10 to 20, who, as far 
as could be ascertained, were normal. Seven of these were boys from 
private schools who were taken. in connection with heart-sound work, 
and whose physical examinations, checked by Dr. Thayer and Dr. 
Bond, were in no way remarkable. The other three patients of this 
age were hospital cases — dementia praecox and neurasthenia. Eight 
of these ten showed electrocardiographic findings of right ventricular 
hypertrophy. The others gave the normal sequence of derivations. 

j\l. F., aged 15, diagnosed as having psychoneurosis, anorexia nervosa, 
dementia praecox, was a tall, thin girl weighing 55 pounds. She showed a 
normal venous-pulse. The apex was in the fourth interspace, 6 cm. from median 
sternal line, and the cardiac dulness extended 8.5 cm. to the left and not to 
the right of the median sternal line. The rest of the physical examination was 
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not remarkable, blood-pressure being 90, and the urinary findings normal. The 
Roentgen ray disclosed a heart in normal position and of normal size, which 
by actual measurement, corresponded closely ' to the clinical dimensions. The 
electrocardiogram as shown in Figure 1 is typically that of • right ventricular 
hypertrophy. 

Perhaps .she did have a relative right ventricular hypertrophy, but 
it could hardly be regarded as pathological. That such a sequence of 
derivations is the normal at this age is also possible, but it is by no 
means constant, as two of the patients of this age did not show a pro- 
gressive increase in the height of the ''R” wave. The difficulty of 



Fig. 2. — Right ventricular hypertrophy from the electrocardiogram with a 
clinically normal heart. Patient aged 14. 

assuming a standard is at once evident, and without a standard the 
diagnosis of the pathological becomes, of necessity, indefinite. Six of 
the schoolboys showed the sequence of derivation associated with right 
ventricular hypertrophy, as seen in Figure 2, and one of the same age, 
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Fig. 3. — Normal sequence of derivation in a clinically normal heart. Patient 
aged 15. 

again with normal cardiac findings, had, according to the electrocardio- 
gram (Fig. 3) a normal relation of ventricular potentials in the three 

derivations. 

In the same way there were fourteen whose ages varied from twenty 
to thirty — a group evidently useless in drawing statistical conclusions, 
but sufficient to show the lack of uniformity. Again the physical find- 
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ings were normal, and the diagnoses were psychoneurosis and neuras- 
thenia. Eight showed normal electrocardiograms, three showed right- 
sided and three showed left-sided ventricular hypertrophy. 

Mrs. L. H., aged 26, with a diagnosis of psychoneurosis, psychasthenia, and 
a questionable pulmonary tuberculosis, showed indefinite signs at the right base 
with a negative Calmette, and, according, to Roentgen ray findings, some fibrosis 
of the lung. Her apex was in the fifth interspace, well within the midclavicular 



Fig. 4. — Electrocardiographic findings of left ventricular hypertrophy with 
a clinically normal heart. Patient aged 26. 

line. Her cardiac dulness extended 3 cm. to the right and 9.5 cm. to the left 
of the median sternal line, tier blood-pressure was 125 and there were normal 
urinary findings. The Roentgen ray showed a normally placed heart of normal 
dimensions. The electrocardiogram of this patient (Fig. 4) showed marked 
left ventricular hypertrophy with “S” wave very marked in “D-” and the 
“R” inverted markedly in “D.3” That is, a case of left ventricular hypertrophy 
according to the electrocardiogram, with, clinically, a normal heart. 

It might be that this marked left ventricular hypertrophy is signifi- 
cant of early cardiac changes which would not be so prominent, as, 
with later developments, right ventricular changes appeared to cloak 
the present electrocardiographic signs. But, occurring as it does, with 



Fig. 5. ^Electrocardiographic findings of right ventricular hypertrophy with 
a clinically normal heart. Patient aged 23. 

no evident cardiac changes and where, from the possible presence of 
pulmonary tuberculosis, the expression of the first signs of cardiac 
hypertrophy would be expected on the right, this electrocardiographic 
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diagnosis seems questionable. Then at the same age, in a clinically 
normal heart there appear electrocardiographic changes of right ven- 
tricular hypertrophy. 

W. _J., a well built young man of 23, weighs 140 pounds. He was regarded 
as having a case of periodic paralysis. His cardiac dulness measured 4.5 cm. 
to the right and 9 cm. to the left of the median sternal line, with the apex in 
the fourth interspace, inside the nipple line. Blood-pressure and urinary find- 
ings were normal. Figure 5 shows his electrocardiogram. 



Fig. 6. — Normal electrocardiographic findings in a greatly hypertrophied 
heart which at post mortem was grossly much more marked on the left. 

No further mention of the other eight cases need be made beyond 
the fact that they had clinically normal sized hearts with normal 
electrocardiograms. 

Further discussion of the other decades emphasizes the absence 
of a standard, and suggests the conclusion that, while in youth the right 
ventricular hypertrophy type of electrocardiogram is a common one, 
as age increases the left ventricular type predominates. It is impossi- 
ble to say that there may not actually be a true hypertrophy, but as 
there is no possible standard for the normal, how can the pathological 
be diagnosed, and of what use would be the electrocardiographic 
findings ? 



Fig. 7. — Normal electrocardiographic findings, where marked left ventricular 
changes would have been expected. 

With this much information it will be interesting to review the elec- 
trocardiograms from a different angle — the comparison of all the 
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normal types of electrocardiograms with clinical findings, no matter 
what the cardiac condition. Sixty cases come under the broad concep- 
tion of normal electrocardiograms — there was no progressive rise or 
fall in the size of the “R” waves. Of these, twenty-four would have 
been expected to be normal from the clinical findings, supplemented by 
the Roentgen ray. Twenty of the so-called normal electrocardiograms 



Fig. 8. — Normal sequence of derivations where right ventricular hyper- 
trophy is suggested clinically. (Mitral stenosis). 

were from cases that would, from clinical experience, have been 
regarded as definite instances of ventricular hypertrophy. Examples 
of this group seem advisable. 

W. W., aged 49, a colored laborer of medium stature, weight 162 pounds, 
came into the hospital decompensated, and later died. The clinical diagnosis 
of myocardial insufficiency, aortic insufficiency, and arteriosclerosis was sub- 



Fig. 9. — Normal electrocardiographic sequence in a case with lesions in both 
cardiac chambers. 

stantiated at post mortem, and the heart, which had been greatly enlarged 
downward and outward with the apex in the sixth interspace, 12 cm. from 
the median sternal line, weighed 600 gm. There was marked dilatation and 
hypertrophy, especially of the left side, whose wall measured 2 cm. in thick- 
ness. There was right ventricular hypertrophy, but of an extent not to be 
compared with that of the left. The electrocardiogram. Figure 6, is that of 
a normal relation between the left and right ventricular potentials. 

In the same way, A. B., a colored laborer, aged 60, was admitted and a 
diagnosis made of myocardial insufficiency, syphilis (Wassermann), arterio- 
sclerosis, aortic insufficiency, dilated aortic arch. His apex was in the sixth 
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interspace and the precordial dulness extended 5 cm, to the right, and 13 to 
the left, which, for a man of 110 pounds, is a marked increase. His blood- 
pressure was 150 mm. and the urinary findings were normal. Surely it would 
be thought that this man had a marked left ventricular hypertrophy that was 
relatively much greater than any resulting right-sided enlargement. And yet, 
his electrocardiogram, Figure 7, was fairly normal in appearance. 

Three of the cases which, clinically, should have been right-ventric- 
ular hypertrophy, showed normal electrocardiograms. 



Fig. 10. — Electrocardiographic findings of right ventricular hypertrophy 
agreeing with the clinical ‘findings. 

T. H., a 45-year-old 'physician, showed typical signs of mitral stenosis and 
insufficiency, with symptoms of five years* duration following acute articular 
rheumatism. His apex was in the fourth interspace, 9 cm. from the median 
sternal line, with cardiac dulness extending to the* right sternal border 'and 
10.5 cm. to the left. The electrocardiogram (Fig. 8) shows, besides auricular 
fibrillation, a sequence of derivations associated with a normal relation between 
the two sides of the heart, in spite of the clinical findings which suggest right 
ventricular hypertrophy. 

The remaining thirteen so-called normal electrocardiograms were 
obtained from patients with diseased hearts in whom, although it 
would have been expected that there would have been a predominating 
hypertrophy of one side or the other to give the electrocardiographic 
findings of hypertrophy, it is possible to conceive that there was a 
proportional hypertrophy of both sides to maintain a normal balance, 
and therefore a normal type of electrocardiogram. 

F. S., aged 14, weighed 85 pounds, his cardiac symptoms were of eight 
years* duration, following an attack of acute articular rheumatism, and were 
diagnosed as resulting from mitral stenosis and insufficiency, with aortic msu- 
ficiency. Blood-pressure was 100, urine normal. The Roentgen ray showe 
a fairly normal sized heart. To percussion, the heart extended 5 cm. to e 
right, and 11.5 cm. to the left of the median sternal line, with ^ 

fifth interspace in the midclaviculai* line. His electrocardiogram (Fig. 9) was 
normal. 

When one considers the tendency at this age to^ show normally a 
right ventricular sequence, and as this patient under normal conditions 
might have shown this sequence, it may be that in this normal sequence 
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we are dealing with an effort on the part of the electrocardiograph to 
express a pathological hypertrophy, a change from the normally found 
right-sided hypertrophy to the pathologically found normal sequence. 
•Such hypotheses would seem to lead very far afield. 

Among the collection of electrocardiograms, twenty-seven were 
found that suggested right ventricular hypertrophy. It would be 
advantageous to compare them with the clinical findings. Seven of 
these cases were clinically right-sided hypertrophy. 

R. K., married, aged 28, weighing 94 pounds, with two years of cardiac 
symptoms, had a diagnosis made of pure mitral stenosis and exophthalmic 
goiter. To percussion, the heart measured 3.7 cm. and 11 cm. to the right and 
left of the median sternal line, with her apex in the left mammillary line. 
Blood-pressure was 85; urine, negative. 

Probably this case was true right ventricular hypertrophy, and the 
electrocardiogram (Fig. 10) confirms this supposition. On the other 
hand, five cases of electrocardiographic right ventricular hypertrophy 
were found in patients with apparently normal hearts. 



Fig. 11. — Electrocardiogram suggesting right ventricular hypertrophy in a 
clinical case of left ventricular hypertrophy. 

It is striking to see four cases of electrocardiographic right-sided 
hypertrophy associated with clinical findings that point strongly to left- 
sided enlargement. 

W. F., aged 51, weighing 124 pounds, was considered to have arteriosclerosis, 
myocardial insufficiency, aortic and mitral insufficiency. The Roentgen ray 
showed marked enlargement of the third curve on the left, signifying left ven- 
tricular enlargement. Blood-pressure was 100, urine showed chronic passive 
congestion changes. The patient came in badly decompensated and with 
auricular fibrillation. The heart, at the time of the electrocardiogram, measured. 
5.5 cm. to the right, and 14 to the left of the median sternal line. The apex was 
in the fifth interspace, three fingers’ breadths outside of the nipple. 

Quite possibly the patient did have a right ventricular hypertrophy, 
as the electrocardiogram (Fig. 11) showed, and as might be expected 
from the presence of decompensation. But if these electrocardio- 
graphic findings result from the preponderance of the right side, it is 
hard to believe that, with the Roentgen-ray and clinical findings, the 
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right side should have reacted more to the original lesion than did the 
left. 

The eleven remaining cases could have been both left or right 
ventricular hypertrophy, from the clinical findings, and the question 
cannot be satisfactorily answered as to whether or not the right-sided 
hypertrophy relatively predominated. But, again, it is remarkable that 
the two sides should have hypertrophied so proportionately as to 
maintain the normal ratio as determined by an instrument so sensitive 
as to be of “great importance” in the diagnosis of the earliest changes 
on either side. 

One hundred and twenty-five cases showed the sequence of deriva- 
tions that has come to be associated with left ventricular hypertrophy. 
Many of these would have been expected from clinical findings. 

S. R., aged 66, was admitted to the hospital badly decompensated six times 
with the diagnosis of arteriosclerosis, myocardial insufficiency, chronic nephritis 
and dilated aortic arch. Clinically his heart was greatly enlarged to the left 
and the electrocardiogram (Fig. 12) showed left ventricular hypertrophy, a 
condition substantiated at necropsy. 



Fig. 12. — Left ventricular hypertrophy according to the electrocardiogram, 
in spite of the time interval which would have permitted right sided hyper- 
trophy of an extreme degree. 

This case, which is quite similar to many others of this series, 
shows further that where there is a primary left-sided hypertrophy 
with seemingly right-sided dilatation and hypertrophy — even though 
of sufficient duration to allow the maximal response of the right side 
that the right-sided hypertrophy does hot necessarily surpass or equal 
the hypertrophy already on the left. So that in those cases of expected 
left ventricular hypertrophy where the electrocardiograms were of the 
normal sequence, it is not proved that the resulting right ventricular 
hypertrophy caused a balancing of the two sides to allow a normal 
electrocardiogram. 

On the other hand, many of the cases which, according to the elec- 
trocardiogram, had left ventricular hypertrophy, showed^ clinically 
normal hearts. Realizing how indefinite is the standard in normal 
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people when there is no apparent cause for hypertrophy, it would seem 
of little avail to go into the different clinical histories. Of what impor- 
tance is the knowledge of left ventricular hypertrophy in a clinically 
pathological case, if the same degree of left ventricular hypertrophy 
can be found in an apparently normal person? A further point devel- 
ops from the perusal of these records. Patients with either recent or 
long-standing left ventricular hypertrophies did not show as typical a 
picture of left ventricular hypertrophy as did other patients with 
apparently normal hearts. Thus, several patients with hearts of normal 
dimensions from the Roentgen-ray and clinical findings had an inverted 
Ro and a very long negative Rg. Surely there can be no definite rela- 
tionship between the degree of left ventricular hypertrophy and the 
degree of inversion of Rg. 

Another view has been advanced as to the significance of the 
sequence of derivation. Professor Waller,^ in several lectures and 
articles, has suggested that the increase of Rg has to do with a broad 
angle — the angle made by the electrical axis of the heart with the axis 
of the body. And he gives examples which show that where the heart 
is soft and flabby, and, according to the Roentgen ray, is more or less 
collapsed, mushroom-like over the diagram, the sequence of deriva- 
tions corresponds to that which Einthoven- has associated with left 
ventricular hypertrophy. While Einthoven’s right ventricular hyper- 
trophy is to be connected with the heart that is nearly upright in the 
body and which is hard and firm, a review of the Roentgen-ray, elec- 
trocardiogram and post-mortem findings of this series does not sub- 
stantiate Waller’s conclusions. Thus, several cases with normal elec- 
trocardiograms showed, by Roentgen ray, hearts that were practically 
transverse and which seemed collapsed on the diaphragm. Other cases 
showed by Roentgen ray the normal position of the heart and right 
ventricular hypertrophy according to electrocardiogram. Again, one 
case showed a so-called upright heart with electrocardiographic find- 
ings of left ventricular hypertrophy. In this connection an interesting 
case can be cited: A patient from repeated Roentgen-ray and clinical 
examinations, was supposed to have dextrocardia. The electrocardio- 
gram showed left ventricular hypertrophy, and was not that associated 
with transposition of the heart? Autopsy later showed a heart drawn 
over to the right by pulmonary conditions to the extent necessary to 
have simulated dextrocardia. The heart was upright in the body and 
was of fair consistency. This case would, did it substantiate Professor 
Waller’s view, have undoubtedly shown right ventricular hypertrophy. 

1. Waller: Lancet, London, 1913, p. 1436. 

2. Einthoven: Lancer, London, 1912, i, 853. 
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Waller, and, following- his lead, Pardee,^ in a recent periodical, 
substantiate the fact that the electrical axis of the heart makes an angle 
with the body axis that, is calculable easily enough from the different 
derivations. In no way, however, do they prove the coincidence of the 
anatomical and electrical axes of the heart, and a review of a number 
of cases suggests that they do not necessarily agree. 

The literature on the electrocardiogram as applied to the diagnosis 
of cardiac hypertrophy is very confused. Hirschf elder, ^ in his last 
edition, in speaking of cardiac hypertrophy, says ; “The electrocardio- 
grams are, however, characteristic. In hypertrophy of the right ven- 
tricle, the R wave is normal or inverted in the first derivation (D^) and 
large in and D3. In hypertrophy of the left ventricle, the R wave is 
inverted in and Dg.” In contradistinction to this dogmatic state- 
ment, James and Williams® conclude that it is difficult to explain the 
sequence of derivation obtained in the different types of electrocardio- 
grams. “But the empirically determined fact that a downward deviated 
Rj, with an upward R3, signifies right ventricular hypertrophy is of 
greatest clinical significance.” They continue by saying that in left 
ventricular hypertrophy, the sequence of derivations is not so useful, 
because clinical findings are so easy. They seem to regard the electro- 
cardiogram as diagnostic of cardiac hypertrophy. 

L. Linitsky® says that in young people with low blood-pressure and 
with small hearts, the I or R wave is relatively small. And he goes on 
to speak of the effect of age, size of the heart and ^blood-pressure on 
the F or T wave. 

Einthoven’’ associates right ventricular hypertrophy with a low Ri 
and high R3, while he diagnoses left ventricular hypertrophy from a 
relatively low or inverted Rg. And his explanation necessitates the 
coincidence of the electrical and anatomical axes of the heart. 

Lewis,® in the same way, gives the impression that there is a normal 
type of electrocardiogram and that deviations from this beyond the age 
of three months (at which time he states the infant’s electrocardiogram 
changes from the right ventricular hypertrophy type to the normal) are 
of importance in the diagnosis of cardiac hypertrophy. He very wisely 
points out the difficulty that often exists in making the diagnosis of 
cardiac hypertrophy from a physical examination; but he perhaps 
rather exaggerates the difficulty in concluding that “signs which are 

3. Pardee; Jour. Am. Med. Assn., 1914, Ixii, 1311. 

4. Hirschfelder: Diseases of the Heart and Aorta, Ed. 2, 1913. 

5. James and Williams : Med. and Surg. Rep., Presbyterian Hos., 1912 . 

6. Linitsky: Ztschr. f. Exper. Path. u. Therap., 191h.ix, 669. 

7. Einthoven: Arch. £. d. ges. Physiol., 1908, cxxii, ol/. 

8. Lewis: Brit. Med. Jour., 1912, i, 1423. 
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customarily employed at the bedside are of little real value in differ- 
entiating between right and left ventricular hypertrophy.” Certainly 
the bedside examination is very helpful, and the stress laid on the indi- 
vidual sign “the epigastric pulsation in right ventricular hypertrophy,” 
which Lewis ’ concludes is useless, is a matter of clinical experience; 
for there are many who have always regarded that sign as of little 
import. It is the graduation of all the features of a case and their 
algebraic summation that leads to the clinical diagnosis. 

From the pathological study of a_ series of nine cases, Lewis® notes 
that- the clinical discrepancies in clinical and electrocardiographic find- 
ings disappear if the exact weights of the two sides of the heart are 
compared with the electrocardiograms. Such studies are of immense 
value in the scientific study of the electrocardiogram, but are of little 
avail in the application to the patient. Even if they are carried out in 
a sufficient number of cases to confirm the ability of the electrocardio- 
gram to characterize left and right ventricular hypertrophy (a condition 
not yet obtained), there would be question as to the actual clinical use. 
It would be hard to say from the electrocardiogram whether the patient 
was suffering from a mild left-sided lesion with marked right-sided 
resultants, or whether the lesion was fundamentally a slight right-sided 
lesion with no trouble on the left side. Without the clinical findings, a 
diagnosis from the electrocardiogram would seem dangerous, and if 
the clinical findings differed from the laboratory findings the laboratory 
findings would have to be corrected. And in addition, there is always 
the question in a pathological case, “What would the electrocardiogram 
have shown had the patient been normal?” , 

As opposed to the views of the English and American observers, 
the German writers substantiate the opinions expressed in this paper. 
Heringi® sums up their conclusions in believing that there is but little 
dependence to be placed in the electrocardiographic findings in the 
diagnosis of cardiac hypertrophy. 

* * 

With the few cases in this series it is suggested that there is a right 
ventricular h3^pertrophy type of electrocardiogram in normal children, 
which with increasing age gradually passes through the normal to the 
left ventricular hypertrophy sequence and that there are many excep- 
tions. Attention is called to the absence of a normal cardiovascular 
system on which to standardize the electrocardiographic findings ; espe- 
cially as age develops, accompanying emphysematous or arteriosclerotic 

9. Lewis : Heart, 1914, v, 367. 

10. Hering: Deutsch. med. Wchnschr., xxxviii, 2155. 



500 


THE ARCHIVES OP INTERNAL MEDICINE 


changes appear in varying degrees; The lack of concordance between 
clinical and electrocardiographic findings is emphasized, and conclu- 
sions are pointed out that suggest that the electrocardiogram as it is 
now understood is of little practical value in the diagnosis of cardiac 
hypertrophy. 

This work was done during the past year, while working in Dr. Thayer’s 
service. It is a pleasure to acknowledge his supervision. 

The physical findings were tabulated from the hospital histories of the 
medical clinic with the permission of Professor Barker. 
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THE DEAD SPACE IN MODERATE AND LARGE 
RESPIRATORY VENTILATION* ' 

V 

C. F. HOOVER, M.D., and JULIAN E. GAMMON, M.D. 

CLEVIiLAND 

In a publication by one^ of us, it was shown that in emphysematous 
patients (the minute volume and rate of respiration remaining the 
same) the concentration of carbon dioxid in the alveolar air increased 
when the degree of emphysema increased. It was also shown that this 
increased concentration of carbon dioxid in alveolar 'air was not caused 
by impairment of the function of external respiration, but was due 
to impairment of the ventilatory function of the lung. It was at first 
suspected that the dead space was increased in emphysema but when 
we collected the entire minute volume of air in a large rubber bag 
and took samples of alveolar air during the collection of the minute 
volume of air, we found that the dead space in patients who had severe 
emphysema was no larger than in normal persons. A large rubber 
bag 20 inches square was used for the purpose. The bag contains 60 
liters of air before the tension of its walls will offer an appreciable 
resistance to expiration. Near the mouthpiece a lateral opening in 
the tube is provided for taking specimens of alveolar air. 

The tube leading to the bag has a capacity of 120 c.c., so by clamp- 
ing the tube near the bag and having the patient stop the end of the 
mouthpiece at the end of an expiration we could procure samples of 
alveolar air while the minute volume of air was collecting. The col- 
lected air was then passed through a meter and specimens of the 
expired air were taken for analysis while the air was measured with 
the meter. 

The patient, S. G., had severe emphysema without, asthma. 
Cyanosis was very pronounced. 

Resp. rate = 20.5 per min. 

Min. vol. = 8,200 c.c. 

Expired air contained 4.38 per cent, of COj. 


* Submitted for publication Oct. 1, 1914. 

1. Hoover, C. F.: The Minute Volume and Alveolar Air in Pulmonary 
Emphysema, The Archives Int. Med., 1913, xi, 52. 
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Three specimens of alveolar air contained 7.49 per cent., 7.86 per cent, and 
7.00 per cent, of CO 2 . 

The mean CO 2 content of alveolar air = 7.45 per cent. 

Each respiration = 400 c.c. 

The alv. air = 235 c.c. 

The dead space = 165 c.c. 

Another test of S. G.'s respiration made in the same manner as 
above gave the following results: 


Time of collection = 2 minutes. 

No. of resp = 45. 

Total expiration = 22,500 c.c. 

Min. vol. = 11,250 c.c. 

Each respiration = 500 c.c. 

CO 2 in two specimens of alveolar air = 7.17 per cent, and 7.44 per cent. 

CO 2 in expired air. Two specimens = 4.74 per cent, and 4.61 per cent. 

Mean CO 2 for alveolar air = 7.30 per cent. 

Mean CO 2 for expired air = 4.67 per cent. 

Alv. air in each resp. = 319 c.c. 

Dead space = 181 c.c. 

Alveolar air = 63 per cent, of the min. vol. 

On another trial when S. G. breathed 434 c.c. each respiration, the 
alveolar air contained 7.80 per cent, carbon dioxid and the total expired 
air contained 5.02 per cent, carbon dioxid. The dead space amounted 
to 155 c.c. 

On all these occasions S. G. was cyanotic but suffered no sense of 
air hunger. When S. G. exercised we found the carbon dioxid con- 
tent of his alveolar air was elevated so promptly and his ventilatory 
capacity was so limited that the dead space was not increased. When 
the estimates were made in the same manner employed by Haldane 
and Douglas, S. G. could increase his ventilation only by increasing 
the rate of respiration. He had no reserve expansion of the lungs 
v/hich would increase the volume of each respiration; consequently 
his dead space remained unchanged with exercise, but the alveolar 
air carbon dioxid increased as much as 1.5 per cent, with moderate 
exercise. This increase of carbon dioxid percentage in his alveolar 
air permitted only very moderate walking. Severe exercise was 
unendurable. 

Dr. G., a perfectly healthy young man, 5 ft. 8 in. high and weigh- 
ing 140 pounds, breathed tranquilly while seated. 


Time = 2 min. 2 sec. 

No. of resp. = 29. 

Total exp. = 25,750 c.c. 

Each resp. = 887 c.c. 

r No. 1 = 5.33 per cent. ] 

CO 2 in alveolar air -! No. 2 — 4.91 per cent. !■ Mean 5.00 per cen . 

i No. 3 = 4.78 per cent. J 

f No. 1 = 4.00 per cent. 

Expired air m CO: | 2 = 4.10 per cent. 

Using mean alveolar air CO: of 5.00 per cent, and 4.10 per cent. CO: or 

the total expired air. . 

The alveolar air = 81 per cent, of the minute volume. 

The dead space = 160 c.c. 

Alveolar air of each resp. — 72 per cent. 
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Dr. G.’s dead space was measured many times while breathing 
tranquilly when seated and it was always found to measure between 
150 and 180 c.c. We then made a series of experiments on Dr. G. 
and Dr. H. after the method employed by Haldane and Douglas and 
found the dead space increased as the volume of each respiration 
increased with exercise. We found, however, that with exercise the 
variations of carbon dioxid concentrations in our alveolar air were 
sufficient to give large variations in the estimated dead space when 
we were dealing with such large amounts for each respiration. We 
then suspected exercise had nothing to do with the large dead space 
but that the dead space enlarged because a large respiratory volume 
was not effective in diluting the alveolar carbon dioxid in direct pro- 
portion to the increasing volume of each respiration. Dr. G. breathed 
as deeply as possible five times and then began collecting the expired 
air. 


Breathed 15 times in 1 minute and 40 seconds. 

Total expired air = 48,880 c.c. 

Each respiration = 3,258 c.c. 

f No. 1 = 3.59 per cent.! 

CO 2 in alveolar air -I No. 2 = 3.69 per cent. I- Mean = 3.58 per cent. 

[ No. 3 = 3.47 per cent. J 

CO 2 in expired air | ^ | Mean = 2.90 per cent. 

Alveolar air in each respiration = 2,666 c.c. 

Dead space = 592 c.c. 

Then in order that forced breathing should be avoided, Dr. G. 
breathed very slowly but very deeply. It was found that a deep 
respiration taken every 20 seconds was just sufficient to maintain 
respiratory comfort. 

Dr. G. Breathed 5 minutes. 

One respiration every 20 seconds. 

Total respirations = 15. 

Total expired air = 50,370 c.c. 

Each respiration = 3,351 c.c. 

CO, in alveolar air { | } Mean = 4.12 per cent, 

f No. 1 = 3.18 per cent. 1 

Expired air CO 2 -j No. 2 = 3.04 per cent. [• Mean = 3.10 per cent. 

[No. 3 = 3.09 per cent. J 
Alveolar air in each respiration =: 2,521 c.c. 

Dead space = 830 c.c. 


The same experiment repeated gave the following: 

Time of collection = 5 minutes. 

No. of respirations = 15. 

Total expired air = 52,000 c.c. 

Each respiration = 3,406 c.c. 

CO 2 in alveolar aii [ ^0. 1^4.09 per cent. | ^ ^ 

CO 2 in expired air { go 2 = 3.29 ?e? Snt } 

Alveolar air in each respiration = 2,643 c.c. 

Dead space = 763 c.c. 
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We then wished to see how the dead space would measure when 
Dr. G. breathed tranquilly but employed an excursion of the thorax 
which was just short of conscious effort. At this period of our research 
we were still of the opinion that a forced inspiratory effort dilated the 
bronchial tree after the infundibula were dilated. We suspected that 
the point of transition from tranquil breathing to conscious effort in 
lifting the thoracic cage would mark the point where the dead space 
increased. 

Feb. 22, 1914, Dr. G. breathed tranquilly while seated. The breath- 
ing was just sufficiently deep so that he was not conscious of any 
effort at inspiration or expiration. Dr. G. said it was the upper limit 
of tranquil excursion, and larger inspiration would have required a 
conscious effort. After he had breathed in this manner for one min- 
ute, the collection of air was commenced. 


Time of collection = 3 minutes. 

Total expired air = 59,800 c.c. 

No. of re$pirations = 46. 

Each respiration ~ 1,300 c.c. 

Min. vol, = 19,933 c.c. 

Specimens of alveolar air were taken at the end of the first, second 
and third minutes. 

r No. 1 = 3.40 per cent. ] 

CO 2 in alveolar air i No. 2 = 3.20 per cent. }■ Mean = 3.27 per cent. 

[No. 3 = 3.23 per cent.] 
f No. 1 = 2.89 per cent. 1 

CO 2 in expired air*^ No. 2 = 2.97 per cent. }■ Mean = 2.91' per cent. 

[No. 3 = 2.88 per cent] 

Alveolar air in each respiration = 1,155 c.c. 

Dead space = 145 c.c. 

Feb. 26, 1914, Dr. G. breathed for one minute fifteen times with 
slightly conscious effort of expansion. Then the collection of air 
commenced. 

Dr. G. Breathed every 5 seconds for 2 minutes, 5 seconds. 

The total expiration = 52,500 c.c. 

Each respiration = 1,810 c.c. 

Specimens of alveolar air were taken 30 seconds apart. 


CO 2 of alveolar air 


CO 2 in expired air 


No. 1 = 3.75 per cent 
No. 2 = 3.37 per cent 
No. 3 = 3,07 per cent 
No. 4 = 3.29 per cent, 
f No. 1 = 3.04 per cent 
\ No. 2 = 2.94 per cent 


^Mean = 3.37 per cent 


Alveolar air in each respiration — 1,594 c.c. 
Dead space = 206 c.c. 


:} 


Mean = 2.97 per cent. 


March 6, 1914, Dr. G. breathed deeply for one minute and then the 
collection of air was begun. Dr. G. breathed every ten seconds for 
three minutes. The expirations and inspirations were made as rapidly 
as possible. During the interim in which the breath was held. Dr. G. 
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held the glottis closed, so that from the end of a forced expiration until 
the beginning of the succeeding inspiration there could be no escape of 
carbon dioxid from the lungs. 

Time of collection = 3 minutes. 

No. of respirations = 18. 

Total expired air = 5,760 c.c. 

Each respiration = 3,202 c.c. 

[No. 1 = 3.67 per cent. 1 

CO 2 in alveolar air -j No. 2 = 3.30 per cent. >■ Mean = 3.45 per cent. 

[No. 3 = 3.39 per cent. J 

CO= in expired air 2 S Ifs per S'.} = 2.63 per cent. 

Alveolar air in each respiration = 2,440 c.c. 

Dead space = 762 c.c. 

On account of the varying percentages of carbon dioxid in the 
alveolar air we concluded to estimate the dead space by collecting the 
expired air of a single respiration and then compare the carbon dioxid 
content of the expired air with the carbon dioxid content of the end 
expiratory air of the same expiration. 

For this purpose we used an 8-inch rubber bag. The bag contains 
4 liters of air without offering any appreciable resistance to expira- 
tion. 

A rubber tube leading to the bag contained 1 c.c. of water for every 
centimeter in length. The capacity of the tube measured with water 
was 120 c.c. A lateral opening in the mouthpiece enabled us to take 
samples of the end expiration air by clamping the tube at the bag and 
stopping the end of the mouthpiece at the end of a quick forced 
expiration. The results obtained by this method were quite the same 
as those procured by using the large bag. The larger the volume of 
respiration the larger the dead space found. This, however, did not 
settle the question, although it was growing more apparent that the 
great increase of the dead space in deep inspirations was an absurdity. 

We then sought evidence of the comparative values of moderate , 
and increasingly large respirations for dilution of the residual air in 
the lungs. 

First, we wished to determine whether the amount of residual air 
was constant at the end of a forced expiration. When Dr. G. was 
seated he first made a forced expiratory effort and immediately fol- 
lowed the forced expiration with a forced inspiration. In each trial 
the expiratory effort was a maximum effort. The expired air from the 
maximum inspiration was captured in the small rubber bag and then 
measured by passing it through a meter. We found in many trials 
that the amount of air was very constant and varied only 200 c.c. The 
amounts measured always ranged between 3,600 c.c. and 3,800 c.c. 
This being the case, we are then justified in saying that in a normal 
person the amount of residual air in the pulmonary system at the 
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end of a forced expiration will be constant. Starting, then, with a 
constant residual air and employing a constant time for the initial 
expiration, a constant time for the inspiration and a constant time for 
the second expiratory effort, we have a method for measuring the 
dilution of the carbon dioxid in the residual air with varying inspira- 
tory volumes. We first determined how much carbon dioxid per 
minute was being excreted. 

April 17, 1914, two estimates were made. The first was made 
one hour after a full meal of proteins and carbohydrates, and the 
second estimate was made four hours after the meal. The specimens 
were procured by breathing into the large bag for five minutes while 
tranquilly seated. The two trials gave 417 c.c. of carbon dioxid moist 
per minute one hour after the meals. And the second trial four hours 
after the meal, gave a carbon dioxid excretion of 430 c.c. per minute. 
The lesser amount was employed, as that result was obtained shortly 
before the following experiments were made. We then started with 
the estimate of a carbon dioxid excretion of 6.95 c.c. per second. 
Dr. G. then made a forced expiration after breathing tranquilly for 
a few minutes while seated. This expiration was made through a 
tube 2 meters long fitted with a lateral opening in the mouthpiece so 
that a specimen of the end expiration air could be taken. 

Then an inspiration was taken lasting two seconds. This was 
followed by a forced expiration lasting two seconds. The second 
expiration was made into the small bag fitted with a tube and mouth- 
piece which had a capacity of 120 c.c. At the end of the expiratory 
effort the tube was clamped at its junction with the bag and Dr. G. 
stopped the opening of the mouthpiece at the same instant. In this 
manner the end expiratory air of the second expiration was sampled 
and the total expired air was then thoroughly mixed by churning the 
bag and samples of the total expired air were taken from the lateral 
opening in the mouthpiece while the air was being passed through 
a meter. Knowing the exact dilution of the expired air with atmos- 
pheric air in the tube leading to the bag, we can accurately determine 
the carbon dioxid of the total expired air by estimating the carbon 
dioxid in the air contained in the bag. 

We have then the following facts : 

The excretion of carbon dioxid per second. 

The carbon dioxid content of the residual air in the alveolar and 
dead space before ventilation. 

The amount of ventilation. 

The carbon dioxid in the expired air. 

The carbon dioxid in the alveolar and dead space at the end o 
ventilation. 
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The time during that part of the procedure during which the 
excreted carbon dioxid was being contributed to the total expired air 
which was captured and its carbon dioxid determined. 

The following are the results: 

CO 2 excreted per second = 6.95 c.c. 

Expired 1 second ; alveolar air CO 5 = 6.06 per cent. 

Inspired 2 seconds. 

Expired 2 seconds ; alveolar air CO 2 = 5.80 per cent. 

CO 2 in expired air = 4.88 per cent. 

Total expired air = 875 c.c.' 

Total alveolar air = 735 c.c. 

Dead space = 140 c.c. 

During the four seconds of inspiration and expiration 27.8 c.c. 
of carbon dioxid were contributed to the expired air. 

We may assume the residual air of the lung to be 2,000 c.c., which 
is certainly a liberal estimate. 

The dead space estimated in the experiment was 140 c.c. and as 
the volume of the respiration was very moderate we may assume the 
dead space unchanged during the experiment. 

At the end of the first expiratory effort the total carbon 
dioxid in the pulmonary system can be expressed by the formula 
(2,000 + 140) 6.06 per cent. 

If we assume there were no carbon dioxid excreted during the 
following four seconds, then the carbon dioxid content of the alveolar 
and dead spaces at the end of the inspiratory effort may be expressed 
by 2,000 + (875 — 140) multiplied by x. We then have the formula: 

2140X6.06% 

= X or 4.74% 

2735 

This is the percentage of carbon dioxid we should have obtained 
in the alveolar air at the end of the second expiration had no carbon 
dioxid been excreted in the interim of four seconds. But 27.8 c.c. 
of carbon dioxid were contributed to the air in the infundibula and 
alveolar spaces. In this instance that amount of air equaled 2,735 c.c. 

27.8 = 1.01% of 2,735 

Therefore to the theoretically ventilatory result of 4.74 per cent, 
carbon dioxid we add the contributed carbon dioxid amounting to 
1.01 per cent., and this amounts to 5.75 per cent., whereas the actual 
estimate made was 5.80 per cent. 

Therefore in moderate respiratory amounts the dilution of the 
residual air carbon dioxid can be completely accounted for. 

How is the dilution of residual air when large respiratory amounts 
are employed? 
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About two hours after the foregoing experiment was performed 
Dr. G. performed the following experiment; 

Expired 1 second the alveolar air CO 2 = 6.23 per cent. 

Inspired 3 seconds. 

Expired 2 seconds alveolar air CO 2 = 5.09 per cent. 

Amount expired air = 2,810 c.c. 

CO 2 in expired air = 4.12 per cent. 

Total alveolar air = 2,274 c.c. 

Dead space = 536 c.c. 

The total carbon dioxid content in the tracheobronchial and alveolar 
spaces at the end of the first expiration = (2,000 -j- 140) 6.23 per cent. 

If we accept the enlargement of the dead space to 536 c.c., as 
our results showed, then at the end of the deep inspiration the dilution 
of the carbon dioxid in the alveolar air is expressed by the formula: 

2,000 -f (2,810 — 536) times x 

From this we have the formula : 


2,140 X 6.23% 

= X or 3,11% of CO 2 

4,2/4 

This is the concentration of carbon dioxid in the alveolar air had 
there been no excretion of carbon .dioxid during the respiration, which 
occupied five seconds. 

Using the maximum amount of carbon dioxid found in the minute 
volume of air, namely : 430 c.c. during the five seconds 35.8 c.c. of car- 
bon dioxid were excreted, which amounts to 0.83 per cent, of 4,274 c.c., 
which was the minimum amount of air in the alveolae and infundibula 
if we assume the deep inspiration enlarged the dead space. There- 
fore, adding 0.83 per cent, to 3.11 per cent, we have only 3.94 per 
cent., the amount of carbon dioxid we should have found in the alveolar 
air at the end of the deep respiration had the deep respiration been 
effective in proportion to the amount of the total inspiration. The 
concentration really found at the end of the deep respiration was 
5.09 per cent, carbon dioxid. So the disparity between the actual and 
the theoretical dilution was 1.15 per cent. This can be accounted 
for only by the want of equal diffusion of gases in the infundibular 
and alveolar spaces when the lung is greatly distended. 

Another method of treating the results algebraically shows how the 
effectiveness of dilution of the residual air diminishes with the increas- 
ing volume of respiration. 

In our results the residual air is the only unknown factor. When 
treated in this manner we evolve the following formula : 


First experiment, April 17. 

Let X = the residual air in the alveolae. 

Dead space — 140 c.c. 

CO 2 concentration of alveolar air and dead space air 
expiration in Experiment 1 = 6.06 per cent. 


at the end of the first 
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CO 2 at the end of the first expiration = (x + 140) 6.06 per cent, in the 
alveolae and dead space. 

At the end of the inspiration the total CO 2 in the alveolae — x+ (875 — 140) 
times 5.80 per cent. 

But 27.8 c.c. of CO 2 are excreted during the four seconds, therefore 
(x + 140) 6.06 % + 27.8 = (x + 735) 5.80 % 

X 6.06 % + 36.28 = x 5.80 % + 42.63 
(6.06 % — 5.80 %) X = 42.63—36.28. 

4^.63—36.8 

X = 

6.06%— 5.80% 

5.83 

.0026 

X or residual air = 2,203 c.c., which is a very close estimate of the residual 
air. 

If we employ the results of Experiment 2 of April 17 to estimate the resi- 
dual air we will have the following formula: 

X = residual air. 

CO 2 secreted in 5 seconds = 35.8 c.c. 

(x -h 140) 6.23 % + 35.8 = (x 4- 2,274) 5.09 % 

X 6.23 % + (140 X 6.23 %) + 35.8 = x 5.09 % + (2,274 X 5.09 %) 

X 6.23 % + 44.522 = x 5.09 % + 115.7466 
X 6.23 % — x 5.09 % = 115.746 — 44.522 
(6.23 % — 5.09 %) = 71.224 

71.224 

X = 

0.0114 

X or the residual air = 6,274 c.c. 

This is of course absurd but should be true if the large ventilation 
diluted the residual air in proportion to the volume of ventilation. 



In the figure A is a rubber tube which has the same lumen as its two branches 
B and C ; E is a rubber bag with a capacity of 4,500 c.c. ; F and G are lateral 
openings through which samples of the alveolar air may be procured. 

April 25, an experiment was made to see what would be the actual 
effect of ventilation in a normal person when the dead space was 
artificially prolonged. The apparatus used consisted of the device 
illustrated in the accompanying figure. 

Dr. G. breathed quietly while seated. After breathing for several 
minutes to obtain perfectly tranquil and comfortable ventilation, he 
then made a quick, forced expiration lasting one second. During this 
time a clamp was applied at B so all expired air passed through the 
tubes A, C, D. The tube C was 50 cm. longer than the tube B (which 
was 275 c.c. long), because at the end of the forced expiration (lasting 
one second) a sampling tube with a capacity of 50 c.c. was filled with 
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alveolar air. The rubber tubing had a capacity of 1 c.c. for each 
centimeter in length. Then, at the beginning of the inspiration, which 
was drawn through the tube A, C, D, the prolongation of the dead 
space was the same as the prolongation of the' dead space for the fol- 
lowing expiration, which was made through the tube B (with C 
clamped). At the end of the second expiration a sample of the 
alveolar air was taken at G. The expired air was captured in the 
bag E. 

The following were the results of the experiment: 

Expiration 1 second alveolar air CO- = 6.26 per cent. 

Inspiration 3 seconds. 

Expiration 2 seconds alveolar air CO 2 = 6.53 per cent. 

The expired air contained = 4.28 per cent. CO 2 

Total alveolar air = 1,065 c.c. 

Dead space = 560 c.c. 

We see when the dead space is actually prolonged 275 cm., a 
respiration of 1,625 c.c. was not sufficient to dilute the alveolar air, 
but resulted in a further concentration from 6.26 per cent, carbon 
dioxid to 6.53 per cent, carbon dioxid. 

This result was confirmed by repetitions of the experiment and 
merely affords added proof against the dead space being enlarged 
with an increased volume of respiration. 

The results of our studies of lung ventilation are quite consistent 
v/ith Oppel’s studies of the functional anatomy of the lung. Keith, - 
quoting Oppel, says: 

If out of the rubber balloon a model of the terminal bronchiole infundibulum 
and alveoli be made and inflated, it is the central or infundibular space which 
expands most, the alveoli implanted on its walls being widened but at the same 
time rendered more shallow. The point which one seeks to emphasize is that 
it is not the alveoli but the infundibula that should be regarded as the essen- 
tial expansile parts of the lung. 

From these results it is quite apparent why we must employ such 
a large minute volume of air to lower the carbon dioxid concentra- 
tion of the alveolar air in forced breathing. 

This conception also explains the respiratory limitations in physi- 
cal exercise. 

It is also a protective measure for maintaining a constant con- 
centration of carbon dioxid at the respiratory membrane. 

Thus far we have always spoken of ventilation of the lung as a 
process in which the alveolar air is diluted by the tidal air. This is 
true in one sense, but we have lost sight of another view of lung 
ventilation which the foregoing experiments strongly suggest. Lung 
ventilation amounts to concentration of the carbon dioxid of alveolar 
air into the bubble of tidal air which enters the atrium with each 


2. Hill: Further Advances in Physiology, p. 186. 
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inspiration. Ventilation also means a concentration of the oxygen of 
the tidal air into the alveolar air. 

When we take this view of the lung ventilation it is apparent why 
ventilation of a lobule with a large bubble of air does not secure a 
diminution of the carbon dioxid concentration in the alveolar air 
proportionate to the volume of ventilation. Our results prove that 
when from 700 to 1,300 c.c. are inspired, there is a concentration of 
carbon dioxid in the inspired air which equals that of the air at 
the respiratory membrane or at least so nearly so that our methods 
enable us to account for the effectiveness of a known volume of 
ventilation in diluting the alveolar air carbon dioxid when these 
moderate amounts of ventilation are employed. But when large 
amounts of air are employed (for instance, 3,600 c.c.), then the 
bubble of air in the atrium is too large to procure a concentration of 
carbon dioxid in the bubble of ventilating air which will equal or 
nearly equal the concentration of carbon dioxid that exists at the 
respiratory membrane. The reason for this seems to lie in the fact 
that there is not sufficient time for this to be accomplished. The 
act of respiration is continuous. The transition from the inspiratory 
to the expiratory phase occurs in so brief a time that when the 
ventilating bubble is of considerable size there is not sufficient time to 
procure a uniform concentration of carbon dioxid in all the air con- 
tained in a lobule of the lung. With this idea in mind we made 
further experiments to see what effect the arrest of respiration at 
the end of an inspiration would have on the size of the dead space 
and on the concentration of carbon dioxid in the alveolar air. 

Dr. G. breathed tranquilly (while seated) into the large rubber bag. 

Time of collection = 5 minutes. 

Total expiration = 66,650 c.c. 

CO- in expired air = TlO per cent. 

CO- per minute = 534.53 c.c. 

Dr. G. breathed quietly and then at the end of a normal inspira- 
tion he made a forced expiration lasting one second. A specimen of 
alveolar air was taken at the end of this expiratory effort. Then 
G. took a moderate inspiration and held his breath with the glottis 
closed for ten seconds ; then he expired two seconds and a specimen 
of alveolar air was taken at the end of this expiratory effort. The 
total expiration was also captured. There was then an interval of 
twelve seconds during which the excreted carbon dioxid was being 
concentrated in the alveolar air. 

The following results were procured : 

First alveolar air CO- = 5.75 per cent. 

Total expired air = 820 c.c. 

CO- in the expired air = 5.72 per cent. 

Second alveolar air CO- = 6.85 per cent. 

Total alveolar air =: 684 c.c. 

Dead space = 136 c.c. 
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Applying the same formula we employed in former experiments. 

(2,000 + 150) 5.75 % = (2,000 + 820 - 134) x 

2,150 X 5.75 per cent. = 2,684 times x. 

X = 4.60 per cent. 

The amount of carbon dioxid in the alveolar air would have been 
4.6 per cent, had there been no carbon dioxid excreted during the 
interval of twelve seconds. The amount of carbon dioxid given oif 
in twelve seconds = 106.90 c.c. and 106.90 = 3.98 per cent, of 2,684. 
Therefore the concentration of carbon dioxid in the alveolar air 
would have been 4.60 per cent, -f- 3.98 per cent. = 8.58 per cent, if 
the carbon dioxid had not been stored in the blood. The amount of 
carbon dioxid found in the alveolar air at the end of the second 
expiration was 6.85 per cent. This experiment' shows how promptly 
the carbon dioxid accumulates in the fluids of the body. It is true the 
dead space was small, but under the circumstance of arrested breathing 
we cannot assume that there was the same differentiation between 
alveolar air and dead space as in uninterrupted breathing. For this 
reason we cannot accept the estimate of the dead space as correct. We 
then tried holding the breath for thirty seconds with the following 
results : 

Alveolar air end of expiration = 5.76 per cent. CO 2 . 

Inspired and closed glottis for 30 seconds. 

Expiration 2 seconds alveolar air = 7.25 per cent. COs. 

Total expired air = 620 c.c. 

CO 2 in expired air = 6.07 per cent. 

Total alveolar air = 510 c.c. 

Dead space = 110 c.c. 

Employing the same formula we find the carbon dioxid concen- 
tration in the alveolar air we would have found had there been no 
carbon dioxid excreted during the interval of 32 seconds, was 4.93 per 
cent. Carbon dioxid excreted in 32 seconds = 284.80 c.c. and this 
amounts to 11.34 per cent, of 2,510 c.c. So we should have found 
16.2 per cent, of carbon dioxid were the carbon dioxid not promptly 
stored in the fluids of the body as the percentage of carbon dioxid rises 
in the alveolar air. 

On another occasion G. breathed tranquilly and we found he was 
exhaling 410 c.c. of carbon dioxid per minute. 

A forced expiration lasting 1 second was made and the alveolar air 
contained 6.33 per cent, carbon dioxid. 

G. inspired and held the glottis closed for 30 seconds. 

Then G. expired 2 seconds. 


The alveolar air CO, = 7.33 per cent. 

Amount of expired air — 1,195 c.c. 

CO, in expired air = 6.46 per cent. 

Total alveolar air = 1,053 c.c. 

Dead space = 142 c.c. iao-k 

(2,000 + 142) 6.33 per cent. = (2,000 + l,19o — 14-) x 
Therefore x = 4.44 per cent, or the percentage of CO, we would lia\c 
found were there no CO, excreted during the interim of 32 seconds. 
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But during this interim 218.56 c.c. of carbon dioxid were excreted 
and this amounts to 7.15 per cent, of 3,053. Therefore, were the car- 
bon dioxid not promptly stored in the body fluids we would have 
obtained 11.59 per cent, carbon dioxid instead of 7.33 per cent, in the 
alveolar air. 

SUMMARY 

1. The optimum of respiratory volume is about 1,200 c.c. When 
the respiratory volume is increased beyond this amount the effective- 
ness of lung ventilation does not increase proportionately with the 
increased ventilation. 

2. It is the want of diffusion of carbon dioxid in large respiratory 
excursions which has given rise to the error of supposing the dead 
space to be increased in exercise. 

3. We have shown on the basis of measured ventilation and the 
results in diluting the residual air, that forced breathing is not effectual 
in ventilating the lungs in proportion to the increasing amounts of 
ventilating air. And conversely, when the amount of residual air is 
estimated on the basis of ventilatory results, the amount of residual 
air can be estimated with some accuracy when moderate amounts of 
air are inhaled, but when forced breathing is employed the residual air 
cannot be estimated from the measured results of ventilation. 

4. When the dead space is artificially increased, the results of 
ventilation are not at all consistent with the ventilatory results which 
are ascribed by other investigators to an increase in the dead space in 
large respiratory excursions. 

5. The inefficiency of large respiratory excursions contributes more 
to the limitations of endurance in exercise than do limitations in the 
circulatory system. 

6. The foregoing results also prove the manner in which operative 
interference contributes to the relief of emphysema. Relief is not 
procured by diminishing the amount of residual air, whose carbon 
dioxid is diluted by respiration. Improvement is procured from the 
operation by restoring the ventilatory effectiveness of moderate respira- 
tory volumes, the improvement from Freund's operation is due to 
diminution of the size of the lobules of the lung and not to changes in 
rigidity of the chest wall. 



THE OCCURRENCE OF NUCLEx^R PARTICLES IN THE 
ERYTHROCYTES FOLLOWING SPLENECTOMY* 

ROGER S. MORRIS, M.D. 

CLIFTON SPRINGS, N. y. 

Recently O. Roth’- reported unusual blood findings in' a p.atient 
whose spleen had been removed twelve years before, because of sup- 
posed splenic anemia. f Numerically, the red corpuscles of Roth’s 
patient varied between 5,600,000 and 6,468,000, the leukocytes between 
8,900 and 16,000, while the hemoglobin fluctuated between 100 and 
1 14 per cent. Thus, there was no anemia. 

The microscopic examination of the fresh and stained specimens of 
blood revealed, as Roth points out, striking abnormalities. In the 
fresh specimen, it was evident that a large part of the . erythrocytes 
presented one to two round, quite refractive inclusions. Generally, 
they were the size of a very small coccus, but at times the diameter 
amounted to one-sixth of that of the red cell. They moved slightly in 
the cell. When the blood was stained with Giemsa’s mixture, it was 
seen that these bodies were structureless, sharply outlined and were 
stained red ; they possessed all the characteristics of the Howell bodies. 
Usually one only, rarely two, bodies were observed in an erythrocyte. 
On one occasion Roth estimated that 20,000 red cells per 1 c.mm. 
contained nuclear particles or Howell’s bodies. 

Furthermore, in the stained blood, about one-half of the red cor- 
puscles presented fine dots, which ■were stained blue with Giemsa’s 
stain. The dots were usually single, though as many as three were 
found in a cell. Many of the cells containing a nuclear particle also 
contained dots. 

Roth attributes the blood changes to the loss of the spleen. 

In 1908, Schur^ reported a similar case, in which he suspected the 
relationship between lessened splenic function and the occurrence of 
nuclear particles in the erythrocytes. His patient had had Basedow s 

* Submitted for publication Aug. 22, 1914. r r-i- • i 

* Presented before the American Society for the Advancement of C mica 

Investigation, Washington, D. C., May, 1913. . . 

1. Roth, O.: Ueber merkwiirdige Erythrocyten-Einschliisse bei einein Pa)! 

von Milzextirpation, Ztschr. f. klin. Med., 1912, Ixxvi, 23. . , . i ,• 

fRoth is convinced that the patient was suffering from congenital hemolytic 

jaundice at the time of operation. . .. . , 

2. Schur, Heinrich; Ueber eigenartige basophile Einschliisse in den roten 
Blutkorperchen bei einem Fall von abgelaufenem Morbus Basedowii mit nacn- 
folgender schwerer makrocytischer Anamie. Wien, med. Wchnschr., 190o, vni, 
442-511. 
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disease for ten years. She first consulted him in 1905 ; at this time the 
symptoms were mild. Blood examination showed 4,500,000 erythro- 
cytes, 10,000 leukocytes, and 80 per cent, hemoglobin. In the fresh 
blood there was seen, in many of the red cells, a single refractive body, 
usually eccentric, and often moving in the cell. In the stained films 
these bodies were markedly basophilic. They were stained with all 
nuclear dyes, especially well with Giemsa’s and with Romanowsky’s 
stains. The bodies were least evident in preparations stained with 
Ehrlich's triacid stain, only a part of them staining green, while others 
were evident by a deeper staining at their periphery. The bodies were 
nearly always perfectly round ; at times they appeared to be ring-like. 
There was never a definite structure to the bodies. At times their 
diameter amounted to one-fourth that of the red corpuscle. Generally, 
they were smaller, down to a minute point. The bodies were usually 
single; never more than two were found in a cell. Early in 1907 a 
severe anemia of the pernicious type developed, and in November the 
patient died. At autopsy the spleen was found to be 10 cm. long, 3 cm. 
wide at the upper end, only 1 cm. wide in its lower one-half. There 
was no thrombosis of the splenic vessels. Microscopically, the splenic 
pulp was found to be scanty ; connective tissue predominated. 

The peculiar inclusions in the erythrocytes, which were still present 
shortly before death, Schur identifies with the similar bodies observed 
by HowelP in the blood of the cat. In view of the severe anemia which 
developed, he looked on them as an expression of a degenerative change 
in the erythrocytes. 

Schur believed the occurrence of the nuclear particles was in some 
way connected with the splenic atrophy, although, he says, extirpation 
of the spleen is not followed by marked changes in the erythrocytes, 
either in man or animals. He believed that the change in the spleen 
was not the primary factor, but that the atrophy of the spleen and the 
appearance of nuclear particles in the red cells were both probably due 
to some unknown toxin. 

For some years I have been interested in the study of nuclear 
particles in the erythrocytes, especially their- occurrence in human 
blood. In a previous report,’^ the blood of one patient whose spleen had 
been removed was noted. It was described (p. 95) in the following 
words : 

In some bloods, however, single nuclear particles in the erythrocytes may 
be the main evidence of regeneration ; this fact was well illustrated in the 
case of the patient following splenectomy, in whose blood, at one time (i. e.. 


3. Howell, W. H. : The Life-History of the Formed Elements of the Blood, 
Especially the Red Corpuscles, Jour. Morphol., 1890, iv, 57. 

4. Morris, R. S. ; Nuclear Particles in the Erythrocytes, The Archives Int. 
?klED., 1909, iii, 93. 
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thirteen days after splenectomy), thirty nuclear particles were found in about 
an hour and a half (examination with mechanical stage), while only one normo- 
blast, no cells with basophilic granules, and a few with polychromatophilia were 
seen, 

Roth’s report led to a reexamination of the stained smears of the 
patient just referred to. The result of this, together with the findings 
in two other specimens of blood from splenectomized individuals, form 
the basis of the present report. 


TECHNIC 

All the bloods were stained with a Romano wsky stain (Giemsa’s, 
Wilson’s), as nuclear particles are best demonstrated in this way. The 
slides were examined with the %2" oil immersion objective, ocular No. 
Ill (Leitz), a mechanical stage being employed. To narrow the field, 
a circular piece of paper, in the center of which a small square was 
cut, was inserted in the eye-piece. As nuclear particles are minute, and 
are readily overlooked, it is essential, particularly when they are scarce, 
to move the stage very slowly, in order that all parts of the field may 
be carefully scrutinized. 

Case 1. — Patient of Dr. W. S. Thayer of Baltimore. The specimens, stained 
originally in November, 1908, with a Romanowsky stain, were faded. The cover 
slips were removed from the slide with xylol and in October, 1912, they were 
restained with Giemsa’s stain (1 drop to 5 c.c. of water, allowed to act forty- 
eight hours). In a specimen obtained from the patient thirteen days, after 
splenectomy, the red blood cells showed moderate anisocytosis and slight poikilo- 
cytosis. Many of the cells were pale. In counting 500 leukocytes, there were 
found 130 red corpuscles containing nuclear particles. Two cells were observed 
with two nuclear particles each, while one contained three; all the remaining 
cells presented only a single nuclear particle. The nuclear particles varied con- 
siderably in size and were almost always eccentrically situated in the cell. Dur- 
ing the examination, three normoblasts and one erythrocyte containing basophilic 
granules were found. Chromatin dots (Weidenreich’s Chromatin-Staiibchen) 
were fairly numerous but less so than the nuclear particles. The leukocytes 
were poorly differentiated. Blood platelets were apparently greatly increased 
in number and giant platelets were not uncommon. 

In a smear from the same patient made three days later (i. e., sixteen days 
after splenectomy), only eighteen erythrocytes with nuclear particles were found; 
in all instances the nuclear particle was single and usually eccentrically situated. 
No erythroblasts were seen and only two cells with basophilic granules were 
encountered. Chromatin dots were much more numerous. A considerable per- 
centage of the erythrocytes contained them. Their number varied from one 
to three in a cell ; they were usually placed near the periphery of the corpuscle. 
They were stained reddish purple, like nuclei and nuclear particles. A differen- 
tial count in this specimen (500 cells) gave; lymphocytes, 10.4 per cent. ; large 
mononuclears and transitionals, 16 per cent. ; polynuclear neutrophils, 64.4 per 
cent. ; eosinophils, 7.6 per cent. ; mast cells, 1.6 per cent.® 

Case 2. — Patient of Dr. Vilray P. Blair of St. Louis. A splenectomy was 
performed Nov. 15, 1912. Death occurred five days later. Smears of the 

5. As blood counts were not made on the days that smears were prepared 
in this or the following cases, it is impossible to estimate, with any degree of 
accuracy, the number of cells per c.mm. containing nuclear particles. 
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patient’s blood were made a few hours before death. The specimens were 
stained with Wilson’s stain. Examination revealed ten erythrocytes with 
nuclear particles in counting 250 leukocytes. Most of the nuclear particles were 
of good size. During the examination one normoblast containing basophilic 
granules was seen. There was slight polychromasia, and a few cells contained 
chromatin dots. 

Case 3. — A specimen of blood from a patient a few days after splenectomy, 
was received from Dr. S. R. Miller of Baltimore. In counting 200 leukocytes, 
thirty-eight erythrocytes containing nuclear particles were observed, all single 
and of fair size. No normoblasts or cells with basophilic granules were found, 
nor was there polychromasia, anisocytosis or poikilocytosis. 

My three cases with Roth’s make four in whose blood nuclear par- 
ticles have been found following splenectomy. In Schur’s case, the 
great abundance of the nuclear particles with the marked splenic 
atrophy found at autopsy is suggestive of a causal relationship, in the 
light of the similar blood findings in Roth’s case. In Roth’s patient 
the nuclear particles were abundant years after splenectomy; in all 
of my cases the nuclear particles, though much less numerous, had 
appeared within two weeks after operation — in one case, indeed, 
within five days. It is unfortunate that we do not know whether 
nuclear particles were present or absent in the blood before operation. 

Musser® reviewed the blood findings in man following splenectomy 
as reported in the literature. In no case does he mention the occur- 
rence of nuclear particles. In the blood of three splenectomized dogs, 
he also makes no mention of nuclear particles. 

The relationship between the occurrence of nuclear particles in the 
erythrocytes and complete (or partial) loss of splenic function, if such 
there be, remains to be demonstrated. The results in my three cases 
and in Roth’s are suggestive. It is quite possible that it may be found 
that this is a characteristic blood change following removal of the 
spleen: for, unless one’s attention were directed to them, it would be 
difficult to detect scattered nuclear particles in the course of the usual 
examination. It is, of course, not suggested that the finding of nuclear 
particles in the erythrocytes means absence of splenic function, for 
nuclear particles are not uncommon in various diseases of the blood. 

6. Musser, Jr., J. H. : An Experimental Study of the Changes in the Blood 
Following Splenectomy, The Archives Int. Med., 1912, ix, 592. 



AGE INCIDENCE IN SARCOMA* 


CARL VERNON WELLER, M.D. 

ANN ARBOR, MICH. 

In a previous statistical study’- it was shown that the incidence of 
carcinoma is greatest at the age period 58 to 62, and that there is a 
definite decrease in carcinoma incidence after this period. In the 
present report it is proposed to treat by a similar method a large group 
of sarcoma ages obtained from the same source, hoping in this way to 
contribute to the knowledge of the biologic relationship between the 
two types of malignant disease. 

In the past it has been the custom of both pathologists and surgeons 
to find in age incidence one of the chief points of difference between 
carcinomas and sarcomas. The usual statement of text-books has been 
that carcinoma is a disease of the’ old and sarcoma of the young. 
Da Costa^ says that sarcomas may arise at any period from birth to, 
extreme senility, but that they are commonest during youth and early 
middle age. On the other hand, Williams several years ago,® and again 
more recently,^ has declared that this differentiation between carcinoma 
and sarcoma cannot be made. His conclusions are quoted in full: 

The sarcomata may arise at any period of life; a certain number of cases 
are congenital; more are met -with in early infancy, especially during the first 
five years, than at any other period prior to the twentieth year; after which 
sarcomata increase in frequency until middle life, becoming rarer again in old 
age. 

It will be gathered from what I have stated that there are close analogies 
between the two diseases — sarcoma and carcinoma — such differences as are 
noticeable being due to diversity of origin and its consequences, rather than to 
any essential difference in the nature of the morbid process. 

Williams found that he could derive the same conclusion either 
from the onset ages as taken from hospital records or from mortality 
returns. 

As will be seen, our analysis of 265 consecutive cases of sarcoma 
bears out these conclusions in practically every particular. The method 
which has been used is the same as that employed in the preparation 
of the previous reporf- on age incidence in carcinoma. Therefore, it 

* Submitted for publication Aug. 14, 1914. 

*From the Department of Pathology, University of Michigan. 

1. Weller: Age Incidence in Carcinoma, The Archives Int. Med., Chicago, 
1913, xii, 539-545. 

2. DaCosta: Modern Surgery, 1910, p. 365. 

3. Williams: Twentieth Century Practice of Medicine, 1898, xvn, 4«7. 

. 4. Williams: The Natural History of Cancer, 1908, p. 323. 
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' will not be necessary to repeat it in detail here. The material from 
which these figures were derived consists of the consecutive cases of 
sarcoma of known age diagnosed in the pathological laboratory of the 
University of Michigan between the years 1895 and 1913. The advan- 
tages which this material possesses over either cancer censuses or mor- 
tality returns may again be briefly outlined. These data are derived 



AGE PERIODS 



POPULATION • 
SARCOMA 


Chart 2. — Percentage of sarcoma cases for each age period contrasted with 
the percentage of total population living at each age period. 

from a representative fraction of the population of Michigan and the 
neighboring states ; the ages are given at an earlier stage of the disease 
than is possible in either of the other types of statistics ; and each case 
has had complete microscopical verification. The figures for the age 
distribution of the total population are taken from the United States 
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Census Report® for 1900. Since less than 10 per cent, of these cases of 
sarcoma came from without the state of Michigan, it has been possible 
to use the age distribution of the population of Michigan alone without 
introducing any appreciable error. 

The yearly distribution of the ages of the total 265 cases of sarcoma 
is shown by Chart 1. As was the case with a smilar chart showing 
carcinoma ages, the years which are multiples of five, and also, in a 
lesser degree, the even years, are favored by patients in giving their 
ages. For instance, there are ten cases at age 50 and twelve at age 52, 
while only three patients gave 51 as their age and only two are found 
at 53. This error of approximate answers has been overcome almost 
entirely in all subsequent charts by the simple device of grouping all 
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Chart 3. — Corrected curve of age incidence of sarcoma obtained by plot- 
ting a series of ratios between the percentages used in Chart 2. 


figures in age periods of five years each with the multiple of five as the 
middle year in each group. From Chart 1 it should be noted that the 
number of cases of sarcoma is comparatively small until age 16 is 
reached, and that the greatest number of cases in any one year falls 
at age 52. 

In Chart 2 the percentage of the total number of sarcoma cases for 
each age period is graphically contrasted with the percentage of the 
total population which is living at each age period. The sarcoma curve 
lies below the population curve until age 35 is reached. It then remains 
above the population curve until extreme old, age is reached, at Avhich 
period the proportion of the population found to be living and the 
number of sarcoma cases alike become too small to permit of drawing 


5. Report, Twelfth Census, U. S., 1900, ii. Part 2, p. 52. 
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trustworthy conclusions. Stated in another way, these curves indicate 
that up to age 35 the incidence of sarcoma is less than it would be 
were sarcoma uniformly distributed throughout the entire population j 
that at age 35, the point of crossing of the two curves, the incidence of 
sarcoma is the same as it would be were sarcoma uniformly distributed 
throughout the total population, and that after age 35 sarcoma is much 
more prevalent than a uniform distribution would lead one to expect. 
Now the curve of carcinoma percentages was found to cross the curve 
of population percentages at age 37, and thus there is found to be an 
almost exact coincidence of the points of crossing in the two types of 
malignant disease. This close analogy in respect to age distribution 
will be more completely demonstrated in another chart. 

AGE PERIODS 



FEMALE 

Chart 4. — Age distribution of sarcoma divided as to sex. 

In Chart 3 the data embodied in Chart 2 are handled in a somewhat 
different way. The sarcoma curve of Chart 2 does not in itself give a 
true curve of age incidence for sarcoma, because of the decreasing 
population in each successive age period. In Chart 3 a corrected curve 
of age incidence is obtained by plotting a series of ratios between the 
percentages used in Chart 2. For instance, the 

percentage of sarcoma for age period N 

Ratio for age period N = 

percentage of population for age period N 

From the true curve thus obtained it appears that the incidence of 
sarcoma is relatively low until the period of puberty is reached. At 
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that time there is a moderate increase, and this higher level is main- 
tained until age 30. There is then a rapid rise until age period 48 to 52 
is reached, at which point is found the maximum incidence of the dis- 
ease. After this period the ratios again decrease until they become less 
than one in extreme old age. The fluctuations of this portion of the 
curve are due in part to the marked degree in which patients favored 
the multiples of ten in giving their ages, and in part to the smaller 
number of cases to be found at each age period, since with figures for 
the number of cases and for the population both relatively very small, 
slight variations cause correspondingly greater fluctuations in the curve. 

If sarcoma were uniformly distributed in respect to age incidence, 
the ratio for each age period would be unity. This chart (No. 3) 
shows that the actual incidence is below this level throughout the first 
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SARCOMA • 

Chart 5. — Corrected curves of age incidence of carcinoma and sarcoma. 

half of life and above unity throughout the second half of life. It is, 
therefore, impossible to speak of sarcoma as a disease of the young. 
It is frequent in the young, but most common in late middle life. 

In Chart 4 the age distribution of our sarcoma cases, divided as to 
sex, is shown. Of the total 265 cases, 129 occurred in males and 136 
in females. When these are arranged according to age periods, there 
is a rough parallelism between the two curves. This would doubtless 
be more perfect if a larger number of cases were under consideration. 
The apex of the curve of cases in females is at age period 43 to 47. 
This is of interest for the apex of the curv’^e of female carcinoma cases 
also occurred at this age period. Unlike carcinoma, however, these 
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curves do not definitely indicate any earlier incidence of sarcoma in 
females than in males. This was to have been expected, for in the 
previous report it was shown that the earlier cycle of carcinoma inci- 
dence in females is largely determined by the carcinomas of the breast 
and uterus, organs which early undergo involution changes. These 
two sources provided more than two-thirds of all our cases of car- 
cinoma in women. In the anatomical distribution of sarcoma no such 
powerful factors are introduced. 

On Chart 5 are plotted the fully corrected curves of age incidence 
of carcinoma and of sarcoma. The carcinoma curve is reproduced 
from the report to which reference has previously been made. The 
great similarity of the two curves is evident, but the most striking 
feature is the almost perfect coincidence of the two curves from age 
period 28 to 32 up through age period 48 to 52. Although the sarcoma 
incidence in the young is higher than the carcinoma incidence, it still 
remains less than unity, and so age incidence, instead of affording a 
means of contrast or differentiation, serves but to emphasize the bio- 
logic similarity between the two great types of malignancy. 

In conclusion, the analysis here given indicates that: 

1. The incidence of sarcoma is greatest at the age period 48 to 52. 
Therefore, sarcoma can no longer be considered a disease of the young. 

2. After this period the sarcoma incidence gradually decreases. 

3. There is no marked difference in the age distribution of sarcoma 
in males and in females. 

4. Although in youth sarcoma incidence is somewhat higher than 
carcinoma incidence, there is throughout life a marked parallelism 
between the age incidence curves for the two types of malignancy, and 
for more than twenty years there is a practical coincidence, thus 
strongly suggesting that the causal or predisposing agencies in the two 
cases must either be identical or, at least, have much in common. 



STUDY XXIII. THE RELATION BETWEEN AMYLASE 
RETENTION AND EXCRETION AND NON-PROTEIN 
NITROGEN RETENTION IN EXPERIMENTAL 
URANIUM NEPHRITIS * 

R. FTTZ, M.D. 

BOSTON 

Tests for renal function fall into three general groups depending 
on: (1) The ability of the kidney to excrete from the circulation 
abnormal substances, such as dyes or drugs which are introduced into 
it; (2) analysis of the products of metabolism retained in the blood 
as a result of faulty eliminative powers of the kidney; (3) abnormal- 
ities in the physical and chemical properties of the urine. 

The phenolsulphonephthalein test is an excellent example of the 
first group. Rowntree and Geraghty’^ have found that the amount of 
this dye excreted in the urine after its intramuscular or intravenous 
injection varies almost in proportion to the degree of injury existing 
in the kidneys. This test is used so generally by clinical and experi- 
mental observers that its value in the study of the renal function can 
be accepted without further comment. 

Of substances studied in the blood of nephritics the concentration 
of the non-protein nitrogen and urea is of most importance. Among 
others Ascoli,^ Strauss,^ Obermayer and Popper,^ WidaP and Foster® 


* Submitted for publication Sept. 29, 1914. 

* From the Laboratory of the Theory and Practice of Physic, Harvard 
Medical School, and the Medical Clinic of the Peter Bent Brigham Hospital. 

* This is one of a series of studies on experimental cardiorenal disease . 
Study I, Smith; Boston Med. and Surg. Jour., 1908, clviii, 696; Study II, Chris- 
tian : Boston Med. and Surg. Jour., 1908, clix, 8 ; Study III, Christian : 

Am. Med. Assn., 1909, liii, 1792; Studies IV-XV, Christian, Smith and W^ker : 
The Archives Int. Med., 1911, viii, 468-551; Study XVI, Christian and OHare . 
The Archives Int. Med., 1913, xi, 517; Studies XVH and XVIH, O Hare. 
The Archives Int. Med., 1913, xii, 49, 61 ; Study XIX, Christian and O Hare . 
Jour. Med. Research, 1913, xxviii, 227 ; Study XX, Walker and Dawson : The 
Archives Int. Med., 1913, xii, 171; Study XXI, Fitz: The Archives Int. ^ 
1914, xiii, 945 ; Study XXII, Christian : The Archives Int. Med., 1914, xiv, 8-7. 

1. Rowntree and Geraghty: Jour. Pharm. and Exper. Therap., 1910, i, 579; 
The Archives Int. Med., 1912, ix, 284. 

2. Ascoli: Pfliiger’s Arch. f. d. ges. Physiol., 1901, Ixxxvii, 103. 

3. Strauss: Die Chronische Nierentziindungen in ihrer Einwirkung auf die 
Blutfliissigkeit und deren Behandlung., Hirschwald, Berlin, 1502. 

4. Obermayer and Popper: Ztschr. f. klin. Med., 1909, Ixvii, 332. 

5. Widal: Bull, et mem. Soc. med. d. hop., Paris, Series 3, 1911, xxxn, 6-7. 

6. Foster: The Archives Int. jMed., 1912, x, 414. 
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showed that in the majority of cases the nitrogen of the blood increases 
with an increasingly severe nephritis, and that the degree of accumu- 
lated blood nitrogen affords valuable information in regard to the 
prognosis. 

Heretofore, urinalysis, except in relation to the output of chlorids, 
nitrogen and water, has contributed little to our understanding of 
renal function. In 1908, however, Wohlgemuth'^ began a series of 
studies with the starch-splitting ferment amylase (or diastase). He- 
found that the amount of this enzyme which was excreted in the 
twenty-four hour urine of normal men varied within narrow limits 
and was almost constant for a given individual. In the urine of 
nephritics, on the other hand, the amount of the enzyme excreted 
in the urine diminished in proportion to the severity of the disease. 
Wohlgemuth, therefore, suggested that the determination of amylase 
in urine afforded a valuable clinical test for renal function. 

His results with this test have been confirmed both by experiments 
and by clinical studies. Hirata^ showed that in rabbits, as well as in 
man, the twenty-four hour urine and the blood serum contained nor- 
mally a constant amount of amylase. When corrosive sublimate, 
uranium nitrate, or chromic acid nephritis was produced the amylase 
in the urine diminished, and accumulated in the blood in almost direct 
proportion to the severity of the existing lesions. Von Benczur,^ 
Wynhausen,^® Rosenthal,^^ Marino,^‘ CorbetB® and Geyelin^'^ have 
observed the excretion of amylase in nephritis and have found that it 
diminishes as the severity of the disease increases. Therefore there 
is sufficient evidence to prove that of substances constantly found in 
urine the amylase excretion represents a reasonably accurate test for 
the renal function. 

The desirability of correlating as many tests for renal function as 
possible to determine their true values has been self-evident and has 
been attempted both in animal experiments and clinical studies. 
Frothingham, Fitz, Folin and Denis^® produced uranium nephritis in' 
rabbits and followed the relation between the non-protein nitrogen 
retention in the blood and the excretion of phenolsulphonephthalein 
in the urine. The two tests paralleled each other as indicators of 

7. Wohlgemuth : Ueber eine neue Methode zur quantitativen Bestimmung 
des diastatischen Ferments. 

8. Hirata : Biochem. Ztschr., 1910, xxviii, 23. 

9. Von Benczur: Wien. klin. Wchnschr., 1910, xxiii, 890. 

10. Wynhausen; Berl. klin. Wchnschr., 1910, xlvii, 2107. 

11. Rosenthal: Deutsch. med. Wchnschr., 1911, xxxvii, 923. 

12. Marino: Deutsch. Arch. f. klin. Med., 1911, ciii, 325. 

13. Corbett: Quart. Jour. Med., 1913, vi, 351. 

14. Geyelin : The Archives Int. Med., 1914, xiii, 96. 

15. Frothingham, Fitz, Folin and Denis; The Archives Int. Med., 1913, xii, 245. 
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renal function, but had one essential difference. The phenolsulphone- 
phthalein excretion in the urine dropped rapidly to its lowest point 
and returned rapidly to normal with recovery of the kidney. The non- 
protein nitrogen of the blood accumulated more gradually and returned 
to normal more gradually. In other words, the phenolsulphonethal- 
ein test showed the renal function at the time the test was made, while 
the blood nitrogen was rather a measure of an accumulating difference 
between the amount of waste nitrogen produced in metabolism and the 
amount eliminated by the kidneys. Therefore in the latter test the 
duration of the disease was an important factor. Confirmatory results 
illustrating the close parallelism of these two tests have been obtained 
in clinical observations by Agnew^® and by Frothingham and Smillie.’-'^ 

Geyelin’-^ compared the excretion of amylase with that of phenol- 
sulphonephthalein in a series of cases of nephritis and found that the 
results of these tests were essentially similar. Geraghty, Rowntree 
and Cary^® found that although the phenolsulphonephthalein test gave 
more accurate information as to the degree of one-sided lesions of the 
kidney than the amylase test, yet the latter gave findings which were 
parallel. 

Thus it has been shown that on the whole the excretion of amylase 
varies as does that of phenolsulphonephthalein in nephritis, and that as 
the excretion of phenolsulphonephthalein diminishes, the non-protein 
nitrogen of the blood accumulates. It seemed important to compare 
the amylase excretion in the urine and the amylase accumulation in 
blood serum with the accumulation of non-protein nitrogen in the blood 
of animals with nephritis to make comparative studies between these 


three tests more complete. 

Accordingly, acute nephritis was produced in rabbits by means of 
a single dose of uranium nitrate (from 2 to 10 mg.) given subcutane- 
ously. Two series of experiments were made. In the first series the 
animals were injected with uranium nitrate and were killed (under 
anesthesia) by bleeding from the carotid arteries. They were killed on 
consecutive days from one to ten days after the uranium nitrate was 
administered in order to secure histological record of the pathological 


lesions in the kidney, and to determine their relation to the non-protein 
nitrogen in the blood, to the amylase in the blood, and to the amylase 
in the urine at different stages of the nephritis. In these experiments 
the amylase of the urine was estimated from day to day. The blood 
was analyzed only on the day the experiment was begun and on the 
day the animals were killed. The kidney tissues were preserved for 


16. Agnew : The Archives Int. Med., 1914, xiii, 485. 

17. Frothingham and Smillie: The Archives Int. Med., 1914, xiv, 541. 

18. Geraghty, Rowntree and Cary : Ann. Surg., 1913, Iviii, 800. 
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the histological examination in Zenker’s fluid and. were stained with 
eosin and methylene blue. 

In the second series of experiments, the nephritis was allowed to 
run its natural course. The non-protein nitrogen of the blood and the 
amylase of the urine were determined periodically. Amylase in the 
blood serum could not be estimated so often on account of the anemia 
induced from such frequent and relatively large bleedings. 

• The rabbits were kept in metabolism cages of moderate size. They 
were fed with carrots, oats and water. Each rabbit consumed about 
100 gm. of carrot and 50 gm. of oats per day except for a few days at 
the height of the nephritis. In addition each rabbit was given SO c.c. 
of water by stomach tube every morning to insure as constant an out- 
put of urine as possible. 

The urine specimens from the metabolism cages were collected in 
receivers which contained 10 c.c. of toluol as a preservative. Every 
morning, the animals’ bladders were emptied by massage and the 
urines so obtained were added to the containers to complete the twenty- 
four hour specimens. 

The amylase readings in both urine and blood serum were made by 
the method of Wohlgemuth and Noguchi.^^ In brief, this depends 
on determining the amount of starch which is converted to dextrin 
or lower products by a known amount of urine or blood at a given 
temperature during a given interval of time. lodin is used as an indi- 
cator of the starch digestion. Wohlgemuth has taken for a unit which 
he calls “d” the number of cubic centimeters of .1 per cent, soluble 
starch solution digested in one-half hour by 1 c.c. of urine or blood 
serum at a temperature of 38 C. “D” is the number of cubic centi- 
meters of starch solution digested by the twenty-four hour urine. 
Rosenthal in obtaining the “absolute diastatic strength” of urine has 
preferred to divide Wohlgemuth’s “D” reading by 2. 

In the experiments with urine both “d” readings and the “absolute 
diastatic strength” were recorded to show the effect of dilution on the 
excretion of amylase. This question has been discussed by various 
observers. Wynhausen,^® Corbett,^^ Rosenthal,^^ Von Benczur^ and 
Geyelin^^ found that the influence of dilution on “d” readings was lim- 
ited and without effect in the range of normal twenty-four hour urines^ 
although allowance must be made when the quantities were abnormally 
large or small. In the experiments reported, such marked variations 
in urinary output occurred from day to day that the necessity of con- 
sidering the effect of dilution was obvious. 

19. Wolgemuth and Noguchi; Bed. klin. Wchnschr., 1912, xlix, 1096. This 
method is described in detail by Geyelin (Note 14) and therefore the descrip- 
tion is not repeated here. 
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In the experiments with blood, 5 c.c. were withdrawn and defibrin- 
ated by shaking with beads. The serum was obtained by centrifugaliza- 
tion, and its “d” reading made by the method mentioned. Folin and 
Denis’^® micromethod on oxalated blood was -used for the blood nitro- 
gen determinations. 

EXPERIMENTS 

Experiment 1. — Rabbit killed on the first day after the administration of the 


uranium nitrate. 

First day. (Wt. 1,650 gm.) 

Urine : twenty-four-hour amount ISO c.c. 

32 

absolute diastatic strength 2,400 

Blood: serum 32 

non-protein nitrogen (per 100 gm.) .37 mg. 

Administered 3 mg. uranium nitrate. 

Second day. (Wt. 1,700 gm.) 

Urine: twenty-four-hour amount ISO c.c. 

“d” 32 

absolute diastatic strength 2,400 

Blood: serum “d” 32 

non-protein nitrogen (per 100 gm.) S4 


Histological findings: Glomeruli negative; tubules negative. No patho- 
logical changes found in the kidney. 

Experiment 2. — Rabbit killed on the second day after the administration of 


the uranium nitrate. 

First day. (Wt. 1,600 gm.) 

Urine: tw'enty-four-hour amount ISO c.c. 

32 

absolute diastatic strength. 2,400 

Blood : serum “d” 64 

non-protein nitrogen (per 100 gm.) 25 mg. 

Administered 6 mg, uranium nitrate. 

Second day. (Wt. 1,700 gm.) 

Urine: twenty-four-hour amount 180 c.c. 

“d” 32 

absolute diastatic strength 2,880 

Third day. (Wt. 1,700 gm.) . 

Urine: twenty-four-hour amount ISO c.c. 

^^d” 64 

absolute diastatic strength 4,800 

Blood: serum V’ ^ 

non-protein nitrogen (per 100 gm.) 44 mg. 


Histological Findings: Glomeruli negative; slight necrosis and desquama- 
tion of the epithelium of certain tubules; a few tubules filled with necrotic 
material; a few areas of round cell infiltration. 

Experiment 3. — Rabbit killed on the third day after the administration of 
the uranium nitrate. 

First day. (Wt. 2,600 gm.) 

Urine; twenty-four-hour amount 

1^0 

absolute diastatic strength ^’^9? 

Blood : serum “d” 

non-protein nitrogen (per 100 gm.) 

Administered 6 mg, uranium nitrate. 


20. Folin and Denis: Jour. Biol. Chem., 1912, xi, 257. 
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Second day. (Wt, 2,600 gm.) 

Urine : twenty-four-hour amount 160 c.c. 

“d” 128 

absolute diastatic strength 10,240 • 

Third day. (Wt. 2,500 gm.) 

Urine: twentv-four-hour amount 80 c.c. 

“d” 128 

absolute diastatic strength 5,120 

Fourth day. (Wt. 2,450 gm.) 

Urine ; twenty-four-hour amount 7 c.c. 

"d” 64 

absolute diastatic strength 224 

Blood: serum “d” 128 

non-protein nitrogen (per 100 gm.) 131 mg. 


Histological Findings : Glomeruli negative. Considerable necrosis and 
desquamation of tubular epithelium; many tubules filled with necrotic epithelium 
and casts; many tubules lined with regenerating epithelium. 

Experiment 4 . — Rabbit killed on the fourth day after the administration of 


uranium nitrate. 

First day. (Wt. 2,150 gm.) 

Urine: twenty-four-hour amount 110 c.c. 

“d” 128 

absolute diastatic strength 7,040 

Blood: serum “d” 64 

non-protein nitrogen (per 100 gm.) 30 mg. 

Administered 7 mg. uranium nitrate. 

Second day. (Wt. 2,050 gm.) 

Urine: twenty-four-hour amount 100 c.c. 

“d” 128 

absolute diastatic strength 6,400 

Third day. (Wt. 2,000 gm.) 

Urine: twenty-four-hour amount 90 c.c. 

“d” 128 

absolute diastatic strength 5,760 

Fourth day. (Wt. 1,930 gm.) 

Urine: twentj'-- four-hour amount 8 c.c. 

“d” 32 

absolute diastatic strength 128 

Fifth day. (Wt. 1,950 gm.) 

Urine: twenty-four-hour amount Anuric 

“d” 

absolute diastatic strength 

Blood: serum “d” 64 

non-protein nitrogen (per 100 gm.) 196 mg. 


Histological Findings: Glomeruli negative; considerable necrosis and desqua- 
mation of the epithelium of many tubules; many tubules filled with necrotic 
material, a few with casts; a few tubules lined with regenerating epithelium. 

Experiment 5. — Rabbit killed on the hftli day after the administration of the 
uranium nitrate. 


First day. (Wt. 2,050 gm.) 

Urine: twenty-four-hour amount 

“d” 

absolute diastatic strength 

Blood : serum “d” 

non-protein nitrogen (per 100 gm.) 

Administered 5 mg. uranium nitrate. 

*Second day. (Wt. 2,000 gm.) 

Urine: twenty-four-hour amount 

“d” 

absolute diastatic strength 


180 c.c. 
32 

2,880 

32 

31 mg. 


170 C.C. 
32 
2,720 
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Third day. (Wt. 1,900 gm.) 

Urine : twenty-four-hour amount 100 c c 

“d'\ 32 

absolute diastatic strength 1,600 

Fourth day. (Wt. 1,900 gm.) 

Urine: twenty-four-hour amount 75 cc 

“d" 32 

absolute diastatic strength 1,200 

Fifth day. (Wt. 1,850 gm.) 

Urine : twenty-four-hour amount 80 c.c. 

“d” 32 

absolute diastatic strength 1,280 

Sixth day. (Wt. 1,850 gm.) 

Urine: twenty-four-hour amount 110 c.c. 

“d” 16 

absolute diastatic strength 880 

Blood: serum “d” 64 

non-protein nitrogen (per 100 gm.) 78 mg. 


Histological Findings: Glomeruli negative; considerable necrosis and des- 
quamation of the epithelium of many tubules ; a few tubules filled with necrotic 
material ; many tubules lined with regenerating epithelium. 


Experiment 6 . — Rabbit killed on the sixth day after the administration of 


the uranium nitrate. 

First day. (Wt. 2,100 gm.) 

Urine: twenty-four-hour amount .’ 80 c.c. 

"d” •. 16 

absolute diastatic strength 640 

Blood : serum “d” 64 

non-protein nitrogen (per 100 gm.) 35 mg. 

Administered 7 mg. uranium nitrate. 

Second day. (Wt. 2,100 gm.) 

Urine: twenty-four-hour amount 65 c.c. 

“d” 64 


absolute diastatic strength 2,080 

Third day. (Wt. 2,100 gm.) 

Urine : twenty-four-hour amount 100 c.c. 

“d" 64 

absolute diastatic strength 3,200 

Fourth day. (Wt. 2,000 gm.) 

Urine : twenty-four-hour amount 60 c.c. 

“d” 64 

absolute diastatic strength 1,920 

Fifth day. (Wt. 2,000 gm.) 

Urine: twenty-four-hour amount 10 c.c. 

“d" 4 

absolute diastatic strength 20 

Sixth day. (Wt. 2,000 gm.) 

Urine: twenty-four-hour amount 20 c.c. 

“d” o 

absolute diastatic strength ^0 

Seventh day. (Wt. 2,000 gm.) 

Urine; twenty-four-hour amount 40 c.c. 

»d” 4 

absolute diastatic strength 60 

Blood : serum “d" . . • li? 

non-protein nitrogen (per 100 gm.) 

Histological findings: Hyaline droplets in many glomeruli; consi era e 
necrosis and desquamation of the epithelium 

filled with necrotic material and casts ; many tubules lined with reg 
epithelium. 
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Experiment 7 . — Rabbit killed on the seventh day after the administration of 


the uranium nitrate. 

First day. (Wt. 2,300 gm.) 

Urine: twenty-four-hour amount 130 c.c. 

“d” 16 

absolute diastatic strength 1,040 

Blood: serum “d” 32 

non-protein nitrogen (per 100 gm.) 38 mg. 

Administered 7 mg. uranium nitrate. 

Second day. (Wt. 2,250 gm.) 

Urine: twenty-four-hour amount 15 c.c. 

“d” 32 

absolute diastatic strength 240 

Third day. (Wt. 2,200 gm.) 

Urine: twenty-four-hour amount 200 c.c. 

“d” 32 

absolute diastatic strength 3,200 

Fourth day: (Wt. 2,150 gm.) 

Urine: twenty-four-hour amount 130 c.c. 

“d” 16 

absolute diastatic strength 1,040 

Fifth day. (Wt. 1,950 gm.) 

Urine: twenty-four-hour amount 70 

“d” 16 

absolute diastatic strength 560 

Sixth day. (Wt. 2,000 gm.) 

Urine : twenty-four-hour amount 100 c.c. 

“d” 16 

absolute diastatic strength 800 

Seventh day. (Wt. 1,900 gm.) 

Urine: twenty-four-hour amount 170 c.c. 

"d” 12 

absolute diastatic strength 1,020 

Eighth day. (Wt. 1,700 gm.) 

Urine: twenty-four-hour amount 120 c.c. 

“d” 16 

absolute diastatic strength 960 

Blood : Serum “d" 128 

non-protein nitrogen (per 100 gm.) 250 mg. 


Histological Findings : Glomeruli negative ; desquamation of the epithelium 
of a few tubules ; many tubules filled with serum and casts ; many tubules lined 
with regenerating epithelium; slight increase in connective tissue throughout 
the kidney, suggesting preexisting chronic nephritis. 

Experiment 8 . — Rabbit killed on the eighth day after the administration of 
the uranium nitrate. 


First day. (Wt. 1,500 gm.) 

Urine : twenty-four-hour amount 

“d” 

absolute diastatic strength 

Blood: serum “d” 

non-protein nitrogen (per 100 gm.) 

Administered 4 mg. uranium nitrate. 

Second da}\ (Wt. 1,450 gm.) 

Urine: twenty-four-hour amount 

“d” 

absolute diastatic strength 

Third day. (Wt. 1,500 gm.) 

Urine: twenty-four-hour amount 

“d” 

absolute diastatic strength 


140 c.c. 
32 
2,240 
64 

27 mg. 


150 c.c. 
32 
2,400 

110 c.c. 
32 
1,760. 
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Fourth day. (Wt. 1,500 gm.) 

Urine: twenty-four-hour amount 170 c.c. 

“d” 16 

absolute diastatic strength 1,360 

Fifth day. (Wt. 1,450 gm.) 

Urine: twenty-four-hour amount 120 c.c. 

“d” 16 

absolute diastatic strength 960 

Sixth day. (Wt. 1,450 gm.) 

Urine: twenty-four-hour amount 120 c.c. 

“d” 16 

absolute diastatic strength . . . ; 960 

Seventh day. (Wt. 1,400 gm.) 

Urine: twenty-four-hour amount 120 c.c. 

"d" 16 

absolute diastatic strength 960 

Eighth day. (Wt. 1,350 gm.) 

Urine : twenty-four-hour amount 130 c.c. 

“d” 16. 

absolute diastatic strength 1,040 

Ninth day. (Wt. 1,300 gm.) 

Urine : twenty-four-hour amount 75 c.c. 

“d” 32 

absolute diastatic strength 1,200 

Blood : serum “d” 64 

non-protein nitrogen (per 100 gm.) 83 mg. 


Histological Findings: Glomeruli negative; desquamation of the epithelium 
of a few tubules ; many tubules filled with casts and a few with necrotic cells ; 
a few tubules lined with regenerating epithelium. 

Experiment 9 . — Rabbit killed on the ninth day after the administration of 
uranium nitrate. 


First day. (Wt. 2,000 gm.) 

Urine : twenty-four-hour amount 

“d” 

absolute diastatic strength 

Blood: serum “d” 

non-protein nitrogen (per 100 gm.) 

Administered 4 mg. uranium nitrate. 
Second day. (Wt. 2,100 gm.) 

Urine : twenty-four-hour amount 

“d” : 

absolute diastatic strength 

Third day. (Wt. 2,150 gm.) 

Urine: twenty-four-hour amount 

“d" 

absolute diastatic strength 

Fourth day. (Wt. 2,100 gm.) 

Urine : twenty-four-hour amount 

“d” 

absolute diastatic strength 

Fifth day. (Wt. 2,100 gm.)* 

Urine: twenty-four-hour amount 

“d” 

absolute diastatic strength 

Sixth day. (Wt. 2,050 gm.) 

Urine: twenty-four-hour amount 

“d” 

absolute diastatic strength 


180 c.c. 
32 

2,880 

32 

39 mg. 


140 c.c. 
64 

4.680 

150 c.c. 
32 
2,400 

230 c.c. 
32 

3.680 

210 C.C. 
32 
3,360 

180 C.C. 
64 
5,760 


*On the fifth day the animal received an additional injection of 7 mg. of 
uranium nitrate. 
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Seventh day. (Wt. 2,050 gm.) 

Urine: twenty-four-hour amount 150 c.c. 

“d” 64 

absolute diastatic strength 4,800 

Eighth day. (Wt. 1,950 gm.) 

Urine; twenty-four-hour amount 100 c.c. 

“d” 32 

absolute diastatic strength 1,600 

Ninth day. (Wt. 1,950 gm.) 

Urine: twenty-four-hour amount 90 c.c. 

“d" 32 

absolute diastatic strength 1,440 

Tenth day. (Wt. 1,900 gm.) 

Urine: twenty-four-hour amount 100 c.c. 

“d” 32 

absolute diastatic strength 1,600 

Blood : serum “d” 64 

non-protein nitrogen (per 100 gm.) 96 mg. 

Histological Findings : Glomeruli negative ; a few tubules lined with regener- 
ating epithelium; many tubules filled with casts. 

Experiment 10 . — Rabbit killed on the tenth day after the administration of 
uranium nitrate. 

First day. (Wt. 2,300 gm.) 

Urine: twenty-four-hour amount 180 c.c. 

“d” 64 

absolute diastatic strength 5,760 

Blood; serum “d” 64 

non-protein nitrogen (per 100 gm.) 30 mg. 

Administered 6 mg. uranium nitrate. 

Second day. (Wt. 2,300 gm.) 

Urine: twenty-four-hour amount 120 c.c. 

“d” 64 

absolute diastatic strength 3,840 

Third day. (Wt. 2,300 gm.) 

Urine; twenty-four-hour amount 180 c.c. 

“d” 64 

absolute diastatic strength 5,760 

Fourth day. (Wt. 2,350 gm.) 

Urine: twenty-four-hour amount 90 c.c, 

“d” 64 

absolute diastatic strength 2,850 

Fifth day. (Wt. 2,250 gm.) 

Urine: twenty-four-hour amount 170 c.c. 

"d” 32 

absolute diastatic strength 2,720 

Sixth day. (Wt. 2,200 gm.) 

Urine: twenty-four-hour amount 210 c.c. 

“d” 32 

absolute diastatic strength 3,360 

Seventh day. (Wt. 2,150 gm.) 

Urine: twenty-four-hour amount 170 c.c. 

“d” 64 

absolute diastatic strength 5,440 

Eighth day. (Wt. 2,150 gm.) 

Urine; twenty-four-hour amount 220 c.c. 

“d” 50 

absolute diastatic strength 5,500 

Ninth day. (Wt. 2,150 gm.) 

Urine: twenty-four-hour amount 190 c.c. 

“d” 64 

absolute diastatic strength 6,080 
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Tenth day. (Wt. 2,200 gm.) 

Urine: twenty-four-hour amount 170 cc 

“d” 64 ■ 

absolute diastatic strength 5,440 

Eleventh day. (Wt. 2,250 gra.) 

Urine: twenty-four-hour amount ; 170 c c 

"d» 64 

absolute diastatic strength ’ 5,440 

Blood: serum “d” ^ 

non-protein nitrogen (per 100 gm.) 24 mg. 

Histological Findings : Glomeruli negative ; a few tubules filled with casts. 

From Experiments 1 to 10 recorded above, it is seen that the find- 
ings in regard to the non-protein nitrogen of the blood confirm those 
recorded by Frothingham, Fitz, Folin and Denis.^^ The accumulation 
of nitrogen was gradual. It became high after the third day, remained 
at a high level from the third to the eighth day, and then gradually 
returned to normal. When extensive necrosis of the renal epithelium 
occurred, the blood nitrogen accumulated rapidly, and diminished 
slowly with repair of the kidney. Thus this test paralleled in a general 
way the anatomical damage in the kidney. 

The amylase readings in the urine varied considerably in animals 
supposed to be normal. The ‘‘d” readings ran from 16 to 128 units, 
and the “absolute diastatic strength” from 640 to 5,760 units. This 
may in part be due to the fact that the animals were not kept under a 
longer period of preliminary observation. They were taken from stock 
and injected with uranium nitrate after one twenty-four hour specimen 
of urine was collected. Nevertheless the blood nitrogen and the blood 
“d” readings were much more constant under the same conditions. 

In six of the ten experiments there was an increase in the “absolute 
diastatic strength” of the urine, and in two experiments of the *‘d” 
reading, following the injection of the uranium nitrate. This lasted 
for a short time. It was not caused by an increased output of urine 
in every case, and suggested a stimulated renal function which was not 
confirmed, however, by a diminished blood nitrogen. 

The “absolute diastatic strength” and the “d” of the urine dimin- 
ished in each case as the nephritis became severe. Both readings par- 
alleled roughly the severity of the lesion as judged by anatomical 
changes in the kidney. The “absolute diastatic strength seemed^ to 
show finer distinctions in regard to the renal function than did the d 
readings. This was largely because of the variations in the twenty- 
four hour urine which occurred from day to day. 

The blood “d” readings did not increase as much as would be pre- 
sumed from the variations in the excretion of amylase.^ In four cases 
there was a definite rise in “d” at the end of the experiment when t e 
nephritis was most severe. It did not parallel the accumulation o 
blood nitrogen, nor accompany an extremely low amylase excretion in 
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each case and was not sufficiently marked to make the determinations 
of particular diagnostic or prognostic value. 

Thus on the whole, in the individual cases there was a definite 
relation between the nephritis, the accumulation of non-protein nitro- 
gen in the blood, and the excretion of amylase in the urine. The 
blood “d^’ readings were insignificant. 

In order to compare more accurately the relation of the accumula- 
tion of the non-protein nitrogen in the blood with the excretion of 
amylase at different stages of the acute nephritis, a second series of 
experiments was ‘made. In this series the blood was collected every 
day from the ear veins and the amylase excretion was followed. 
Experiments 11 to 19 recorded below, give the important points of 
these observations. 

Experiment 11 . — Rabbit killed on the fourth day after the administration of 


uranium nitrate. 

First day. (Wt. 1,700 gm.) 

Urine: twenty-four-hour amount 143 c.c. 

“d” 128 

absolute diastatic strength 9,152 

■ Blood: non-protein nitrogen (per 100 gm.) 24 mg. 

Administered 3 mg. uranium nitrate. 

Third day. (Wt. 1,800 gm.) 

Urine: twenty-four-hour amount 120 c.c. 

“d" 64 

absolute diastatic strength 3,840 

Blood : non-protein nitrogen (per 100 gm.) 30 mg. 

Fifth day. (Wt. 1,550 gm.) 

Urine: twenty-four-hour amount 15 c.c. 

absolute diastatic strength 120 

Blood: non-protein nitrogen (per 100 gm.) 125 mg. 


Histological Findings: Glomeruli negative; considerable necrosis and des- 
quamation of the epithelium of certain tubules; many other tubules filled with 
necrotic material and casts; a few other tubules lined with regenerated epithe- 
lium ; a few areas of round-cell infiltration. 

Experiment 12 . — Rabbit found dead on sixth day after the administration of 


uranium nitrate. 

First day. (Wt. 2,500 gm.) 

Urine: twenty-four-hour amount 105 c.c. 

"d" 256 

absolute diastatic strength 13,440 

Blood : non-protein nitrogen (per 100 gm.) 28 mg. 

Administered 4 mg. uranium nitrate. 

Fourth day. (Wt. 2,550 gm.) 

Urine: twenty-four-hour amount 135 c.c. 

“d” 64 

absolute diastatic strength 4,320 

Blood : non-protein nitrogen (per 100 gm.) 51 mg. 

Fifth day. (Wt. 2,500 gm.) 

Urine: twenty-four-hour amount 60 c.c 

“d» 128 

absolute diastatic strength 3,840 

Blood: non-protein nitrogen (per 100 gm.) 80 mg. 
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Sixth day. (Wt. 2,500 gm.) 

Urine : twenty-four-hour amount 10 c c 

“d” ; 128 

absolute diastatic strength 640 

Blood: non-protein nitrogen (per 100 gm.) 125 mg. 


Histological Findings: Glomeruli congested; considerable necrosis and des- 
quamation of the epithelium of certain tubules; many other tubules filled with 
necrotic material and casts ; a few other tubules lined with regenerated epithelium. 

Experiment 13 . — Rabbit found dead on sixth day after the administration of 


uranium nitrate. 

First day. (Wt. 2,300 gm.) 

Urine: twenty-four-hour amount 100 c.c. 

“d” 64 

absolute diastatic strength .' 3,200 

Blood: non-protein nitrogen (per 100 gm.) 25 mg. 

Administered 8 mg. uranium nitrate. 

Third day. (Wt. 2,350 gm.) 

Urine: twenty-four-hour amount 40 c.c. 

“d” 128 

absolute diastatic strength 2,560 

Blood: non-protein nitrogen (per 100 gm.) 41 mg. 

Fourth day. (Wt. 2,350 gm.) 

Urine : twenty-four-hour amount ' 3 c.c. 

“d” 32 

absolute diastatic strength '48 

Blood: non-protein nitrogen (per 100 gm.) 70 mg. 

Fifth day. (Wt. 2,300 gm.) 

Urine: twenty-four-hour amount 5 c.c. 

“d” 2 

absolute diastatic strength 5 

Blood: non-protein nitrogen (per 100 gm.) 96 mg. 

Sixth day. (Wt. 2,300 gm.) 

Urine: twenty-four-hour amount 7 c.c. 

“d” 16 

absolute diastatic strength 56 

Blood : non-protein nitrogen (per 100 gm.) 125 mg. 


Histological Findings : Glomeruli negative : necrosis and desquamation of the 
epithelium of certain tubules ; few tubules filled with necrotic material, but many 
filled with casts ; many tubules lined with regenerated epithelium. 

Experiment 14 . — Rabbit killed on the seventh day after the administration of 
uranium nitrate. 


First day. (Wt. 2,000 gm.) 

Urine: twenty-four-hour amount 

“d” 

absolute diastatic strength 

Blood : non-protein nitrogen (per 100 gm.) 

Administered 2.5 mg. uranium nitrate. 

Second day. (Wt. 1,950 gm.) 

Urine: twenty-four-hour amount 

“d” 

absolute diastatic strength 

Blood: non-protein nitrogen (per 100 gm.) 

Fourth day. (Wt. 1,950 gm.) 

Urine: twenty-four-hour amount 

“d” 

absolute diastatic strength 

Blood; non-protein nitrogen (per 100 gm.) . 


120 c.c. 
128 
7,680 
30 mg. 


170 c.c. 
128 
10,880 
35 mg. 

17 c.c. 
256 
2,176 
136 mg. 



Sixth day. (Wt. 1,950 gm.) 

Urine: twenty-four-hour amount 20 c.c. 

“d” 4 

absolute diastatic strength 40 

Blood: non-protein nitrogen (per 100 gm.) 200 mg. 

Seventh day. (Wt. 1,950 gm.) 

Urine: twenty-four-hour amount 8 c.c. 

“d” 8 

absolute diastatic strength 32 

Blood: non-protein nitrogen (per 100 gm.) 238 mg. 


Histological Findings: Glomeruli negative; considerable necrosis and des- 
quamation of the epithelium of certain tubules ; many tubules filled with necrotic 
material and casts ; many tubules lined with regenerated epithelium. 


Experiment 15 . — Experiment discontinued on the ninth day after the admin- 
istration of the uranium nitrate. 


First day. (Wt. 2,700 gm.) 

Urine: twenty-four-hour amount '. 150 c.c. 

“d” 128 

absolute diastatic strength 9,600 

Blood: non-protein nitrogen (per 100 gm.) 27 mg. 

Administered 4 rag. uranium nitrate. 

Third day. (Wt. 2,650 gm.) 

Urine: twenty-four-hour amount 200 c.c. 

“d” 64 

absolute diastatic strength 6,400 

• Blood : non-protein nitrogen (per 100 gm.) 37 mg. 

Fifth day. (Wt. 2,600 gm.) 

Urine: twenty-four-hour amount 180 c.c. 

“d” 64 

absolute diastatic strength 5,760 

Blood: non-protein nitrogen (per 100 gm.) 71 mg. 

Seventh day. (Wt. 2,450 gm.) 

Urine: twenty-four-hour amount.. 100 c.c. 

“d” 200 

absolute diastatic strength 10,000 

Blood ; non-protein nitrogen (per 100 gm.) 54 mg. 

Ninth day. (Wt. 2,350 gm.) 

Urine: twenty-four-hour amount 100 c.c. 

“d” 128 

absolute diastatic strength 6,400 

Blood: non-protein nitrogen (per 100 gm.) 43 mg. 


Experiment 16 . — Rabbit killed on the tenth day after the administration of 
uranium nitrate. 


First day. (Wt. 2,700 gm.) 

Urine: twenty-four-hour amount 

“d» 

absolute diastatic strength 

Blood: non-protein nitrogen (per 100 gm.) 

Administered 4 mg. uranium nitrate. 

Third day. (Wt. 2,700 gm.) 

Urine: twenty-four-hour amount 

“d” 

absolute diastatic strength 

Blood: non-protein nitrogen (per 100 gm.) 

Fifth day. (Wt. 2,600 gm.) 

Urine: twenty-four-hour amount 

“d” 

absolute diastatic strength 

Blood: non-protein nitrogen (per 100 gm.) 


220 c.c. 
64 
7,040 
38 mg. 


220 C.C. 
128 
14,080 
46 mg. 

50 C.C. 
64 

1,600 
102 mg. 
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Sixth day. (Wt. 2,500 gm.) 

Urine": twenty-four-hour amount 70 c.c. 

“d” 24 

absolute diastatic strength 840 

Blood: non-protein nitrogen . (per 100 gm.) 161 mg. 

Eighth day. (Wt. 2,300 gm.) 

Urine: twenty-four-hour amount 80 c.c. 

“d” 32 

absolute diastatic strength 1,280 

Blood : non-protein nitrogen (per 100 gm.) 208 mg. 

Tenth day. (Wt. 2,100 gm.) 

Urine: twenty-four-hour amount 140 c.c. 

“d" 64 

absolute diastatic strength 4,680 

Blood : non-protein nitrogen (per 100 gm.) 165 mg. 


Histological Findings: Glomeruli negative; epithelium of tubules negative; 
many tubules contain hyaline casts. 

Experiment 17 . — Rabbit found dead on the tenth day after the administration 


of the uranium nitrate. 

First day. (Wt. 1,900 gm.) 

Urine: twenty-four-hour amount 100 c.c. 

“d” 128 

absolute diastatic strength 6,400 

Blood : non-protein nitrogen (per 100 gm.) 34 mg. 

Administered 2 mg. uranium nitrate. 

Third day. (Wt. 2,050 gm.) 

Urine: twenty-four-hour amount 95 c.c. 

“d” 64 

absolute diastatic strength 3,040 

Blood: non-protein nitrogen (per 100 gm.) - 41 mg. 

Fifth day. (Wt. 2,050 gm.) 

Urine: twenty-four-hour amount 45 c.c. 

“d” 32 

absolute diastatic strength 720 

Blood: non-protein nitrogen (per 100 gm.) 113 mg. 

Seventh day. (Wt. 1,900 gm.) 

Urine: twenty-four-hour amount 90 c.c. 

“d” 32 

absolute diastatic strength 1,440 

Blood; non-protein nitrogen (per 100 gm.) 208 mg. 

Eighth day. (Wt. 1,800 gm.) 

Urine: twenty-four-hour amount 105 c.c. 

“d” 32 

absolute diastatic strength 2,960 

Blood : non-protein nitrogen (per 100 gm.) 250 mg. 

Tenth day. (Wt. 1,550 gm.) 

Urine: twenty-four-hour amount 200 c.c. 

“d” 32 

absolute diastatic strength .'. • 3,200 

Blood: non-protein nitrogen (100 per gm.) 151 mg. 


, Histological Findings : Glomeruli negative. A few tubules filled with necrotic 
material ; many tubules filled with hyaline casts ; a few tubules lined with regen- 
erating epithelium. A few areas of round-cell infiltration. 

Experiment 18 . — Experiment discontinued on the thirteenth day after the 
administration of uranium nitrate. 

First day. (Wt. 2,200 gm.) 

Urine: twenty-four-hour- amount 

12c5 

absolute diastatic strength 

Blood : non-protein nitrogen (per 100 gm.) , 3U mg. 

Administered 2.5 mg. uranium nitrate. 
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Second day. (Wt. 2,200 gm.) 

Urine: twenty-four-hour amount 150 c.c. 

»d” 128 

absolute diastatic strength 9,600 

Blood: non-protein nitrogen (per lOQ gm.) 39 mg. 

Fourth day. (Wt. 2,100 gm.) 

Urine: twenty-four-hour amount 125 c.c. 

“d” 32 

absolute diastatic strength 2,000 

Blood: non-protein nitrogen (per 100 gm.) 83 mg. 

Sixth day. (Wt. 2,000 gm.) 

Urine: twenty-four-hour amount 155 c.c. 

“d” 32 

absolute diastatic strength 2,480 

Blood: non-protein nitrogen (per 100 gm.) 104 mg. 

Eighth day. (Wt. 1,900 gm.) 

Urine: twenty-four-hour amount 170 c.c. 

“d” 64 

absolute diastatic strength 5,440 

Blood: non-protein nitrogen (per 100 gm.) 96 mg. 

Tenth day. (Wt. 1,950 gm.) 

Urine: twenty-four-hour amount 170 c.c. 

“d" 64 

absolute diastatic strength 5,440 

Blood: non-protein nitrogen (per 100 gm.) 83 mg. 

Eleventh day. (Wt. 1,850 gm.) 

Urine: twenty-four-hour amount 210 c.c. 

“d” 64 

absolute diastatic strength 6,720 

Blood: non-protein nitrogen (per 100 gm.) 52 mg. 

Thirteenth day. (Wt. 2,000 gm.) 

Urine: twenty-four-hour amount 110 c.c. 

“d” 128- 

absolute diastatic strength 7,040 

Blood: non-protein nitrogen (per 100 gm.) 27 mg. 


Experiment 19 . — Experiment discontinued on the fifteenth day after the injec- 
tion of uranium nitrate. 


First day. (Wt. 2,500 gm.) 

Urine: twenty-four-hour amount 

“d” 

absolute diastatic strength 

Blood: non-protein nitrogen (per 100 gm.) 

Administered 6 mg. uranium nitrate. 

Second day. (Wt. 2,400 gm.) 

Urine: twenty-four-hour amount 

“d" 

absolute diastatic strength 

Blood: non-protein nitrogen (per 100 gm.) 

Fifth day. (Wt. 2,350 gm.) 

Urine: twenty-four-hour amount 

“d" 

absolute diastatic strength 

Blood : non-protein nitrogen (per 100 gm.) 

Seventh day. (Wt. 2,400 gm.) 

Urine; twenty-four-hour amount 

“d” 

absolute diastatic strength 

Blood: non-protein nitrogen (per 100 gm.) 

Tenth day, (Wt. 2,100 gm.) 

Blood: non-protein nitrogen (per 100 gm.) 


200 c.c. 
100 
10,000 
29 mg. 


170 c.c. 
100 
8,500 
43 mg. 

200 c.c. 
12 

1,200 
54 mg. 

ISO c.c. 
16 

1,200 
74 mg. 

78 mg. 
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Thirteenth day. (Wt. 2,200 gm.) 

Urine: twenty-four-hour amount 

“d” 

absolute diastatic strength... 

Blood: non-protein nitrogen (per 100 gm.) 

Fifteenth day. (Wt. 2,400 gm.) 

Urine: twenty-four-hour amount 

“d” 

absolute diastatic strength 

Blood: non-protein nitrogen (per 100 gm.) 


150 C.C. 
32 
2,400 
40 mg. 

170 C.C. 
64 
5,440 
31 mg. 



Chart 1. — Curves showing “absolute diastatic” strength (upper curve), “d” 
excretion (middle curve), and (lower curve) non-protein nitrogen retention in a 
moderate nephritis (Exp. 18). 

The correspondence between the results of the amylase tests and 
those of the blood analyses in Experiments 11 to 19 is shown graph- 
ically in the accompanying charts, (a) with reference to a moderate 
degree of nephritis (Exp. 18), (b) with reference to severe nephritis 
(Exp. 17). 




R. FITZ 
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From the tables and charts it is clear that at the beginning of the 
nephritis the "‘absolute diastatic strength” of the urine dropped more 
rapidly than the accumulation of the non-protein nitrogen of the blood. 
During the course of the disease the height of the nitrogenous accumu- 



Chart 2. — Curves showing “absolute diastatic” strength (upper curve), “d” 
excretion (middle curve), and (lower curve) non-protein nitrogen retention in a 
severe nephritis (Exp. 17). 

lation was reached later than the lowest level of the amylase excretion. 
After the kidney function had begun to improve as shown by an 
increasing elimination of amylase, the retention nitrogen did not at 
once begin to recede but even continued to rise for a short period. 




542 


THE ARCHIVES OF INTERNAL MEDICINE 


Thus the amylase test is very similar to' the phenolsulphone- 
phthalein test. It has certain disadvantages. In a series of nineteen 
rabbits, the normal excretion showed such marked variation that the 
information obtained from the test could only be applied to the indi- 
vidual case. Therefore in studying the renal function of any one it 
was first necessary to discover the normal excretion for that animal. 
It is only fair to state, however, that the results obtained in man by 
other observers tend to show that there is much less normal individual 
variation than in the experiments reported here. A second disad- 
vantage with the test is that it is less quantitative than the phenolsul- 
phonephthalein test. If the “absolute diastatic strength” is taken, small 
changes in the output of urine may exaggerate changes in renal func- 
tion. If the “d” reading is accepted, slight changes in renal function 
are overlooked. Possibly a different method of diluting the urine, as 
suggested by Brown and Smith,-^ may obviate this source of error. 

On the whole, these experiments show that there is a close parallel- 
ism between the modes of excretion of phenolsulphonephthalein and 
amylase, and that amylase like phenolsulphonephthalein diminishes 
with an increasing nephritis, returns to normal with improvement of 
renal function, and is not influenced by blood retention to the same 
extent as is the accumulation of non-protein nitrogen. 

CONCLUSIONS 

1. In acute uranium nephritis in rabbits, the excretion of amylase, 
in the urine and the amount of non-protein nitrogen in the blood vary 
from the normal during the course of the nephritis and return to nor- 
mal as the nephritis heals. 

2. In individual cases the degree of variation from the normal 
agrees on the whole with the amount of destruction demonstrated his- 
tologically in the kidney. 

3. The amylase excretion, like that of phenolsulphonephthalein, 
drops rapidly to its lowest point and returns rapidly toward its previous 
level with recovery of the kidney. It is but little influenced by accumu- 
lation in the blood. 

4. The non-protein nitrogen accumulates gradually in the blood, 
and returns to normal gradually as the kidney recovers. 

5. Amylase excretion as a test for renal function is similar to 
phenolsulphonephthalein, but is less delicate. 

6. The amylase and phenolsulphonephthalein tests show the renal 
function at the moment ; the blood nitrogen test is more influenced by 
the duration of the condition causing its accumulation. 

Peter Bent Brigham Hospital. 


21. Brown and Smith : Bull. Johns Hopkins Hosp., 1914, x.xv, 213. 



FURTHER STUDIES OF RENAL FUNCTION IN RENAL, 
CARDIORENAL AND CARDIAC DISEASES* 

L. G. ROWNTREE, M.D., E. K. MARSHALL, JR., Ph.D. 

AND 

W. A. BAETJER, M.D. 

BALTIMORE 

The objects of this investigation are (1) to ascertain the value of 
quantitative determinations of the diastatic activity^ of urine in reveal- 
ing renal functional capacity in cardiac, cardiorenal and renal cases; 
(2) to compare in the same group of cases the findings of diastase, 
urea and phthalein in the urine with those of urea, total incoagulable 
nitrogen and cryoscopy in the blood, and (3) to compare the relative 
value and limitations of the tests of retention with those of excretion. 

Renal functional capacity is usually ascertained in one of two ways : 
(1) Tests of excretory capacity through the quantitative determination 
of the secretion of various substances in the urine — dyes, methylene 
blue, indigocarmin, rosanilin and phthalein ; other chemicals, potassium 
iodid, lactose, salicylates, sodium chlorid, urea, sugar following phlorid- 
zin and the enzyme, diastase. (2) Tests of retention through the 
determination of the concentration of certain substances in the blood, 
ions — through electrical conductivity, molecules and ions — through 
cryoscopy, and urea, total incoagulable nitrogen and cholesterin. 

The number of functional tests has increased to such an extent that 
it is essential to determine which can be discarded without loss. Only 
through familiarity with the reliability, value, limitations, peculiarities, 
and the significance of the findings of each test in the various types of 
disease is the most profitable selection of tests made possible. 

THE TESTS EMPLOYED AND THEIR TECHNIC 

1. The phthalein test- was used according to the usual technic. 

2. Diastase.^ Diastase has recently been introduced into functional 
renal work by Wohlgemuth* for determining the relative functional 

* Submitted for publication Sept. 29, 1914. 

* From the Pharmacological and Physiological-Chemical Laboratories of the 
Johns Hopkins University, and the Medical Clinic of the Johns Hopkins 
Hospital. 

1. The expression “diastatic activity of the urine” is used in place of “dias- 
tase content” or "quantitative urinary diastase,” because at present we have 
no method for the quantitative estimation of an enzyme, but only methods for 
the quantitative expression of relative enzymatic activity. 

2. Rowntree and Geraghty: The Archives Int. Med., 1912, ix, 284. 

3. For the results of our diastase studies in unilateral and bilateral surgical 
diseases of the kidneys, see Ann. Surg., 1913, xxxvii, 801; Surg., Gynec. and 
Obst., 1914, xviii, 196. 

4. Wohlgemuth: Biol. Ztschr., 1909, xxi, 432. 
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capacity of the two kidneys. A modification of this method was devised 
by us to make the test adaptable for determining total renal functional 
capacity. The technic employed was elaborated in conjunction with 
Dr. Thomas R. Brown, who has demonstrated with it that the total 
daily output in urine is fairly constant.^ The technic was as follows : 

One-fifth of the twenty-four-hour urine collected under toluol was neutral- 
ized and diluted to 1 L. By means of a graduated 2 c.c. pipet, decreasing 
amounts of urine were placed in a series of twelve tubes (arranged in a rack) 
as follows: 1.8, 1.6, 1.4, 1.2, 1, 0.8, 0.6, 0.4 c.c. Ten c.c. of the diluted urine 
was further diluted to 20 c.c. and of this decreasing amounts placed in the 
remaining tubes of the series as follows: 0.4, 0.2, 0.1, 0.05 c.c. To each tube 
was added sufficient 1 per cent. NaCl .solution to bring the total volume in each 
tube to 2 c.c. Two c.c. of a 0.1 per cent, freshly prepared soluble starch solu- 
tion was added to each tube. The rack with the tubes was placed in a water- 
bath at 38 C. for a half-hour, then transferred to cold water for three minutes. 

— iodin solution was added drop by • drop in amounts sufficient to elicit a 
50 

permanent color. The occurrence of blue or violet shows incomplete digestion, 
while the last tube without the violet color indicates the diastatic activity of 
the urine and from it ^^d"^ is calculated. The diastatic activity is expressed 
38 ® ^ 

by d — which represents the number of c.c. of 0.1 per cent, starch solu- 
30 ' 

tion which 1 c.c. of the diluted urine can digest at 38 C. in thirty minutes to 
products not yielding a blue color with iodin. 

The tirea content of the twenty-four-hour specimens of urine was determined 
by the Marshall method.® 

The principle of MarshalFs method consists in the conversion of the urea 
into ammonium carbonate by means of an enzyme, urease, present in an extract 
of the soy bean, and the titration of the ammonia with standard hydrochloric 
acid and methyl orange, directly or after its removal with an air current. 

The freezing point of serum was made in the ordinary way, utilizing the 
Beckman apparatus, 25 to SO c.c. of blood usually being taken. 

The blood urea was determined according to Marshall’s^ method. 

The total non-protein nitrogen of the serum was determined as follows: Ten 
c.c. of serum was added to 115 c.c. of 95 per cent, alcohol, 100 c.c. of the filtrate 
being evaporated to dryness. The residue was subjected to Kjeldahl nitrogen 
determination. The result represents the nitrogen in 8 c.c. of blood. 

The values which we accept as normal are as follows : Phthalein, SO to 60 

per cent, for one hour, 60 to 80 per cent, for two hours, d 5 or more, 

- 30 ' • 

freezing point of serum — .56^, total non-protein N of blood .22 .26 gm. 

per L. as determined by Folin, and blood urea .20 — .30 gm. per L. Retention 
of a mild grade occurs in many conditions without apparently serious 
involvement. Only when the retention is considerable do we consider the 
ings of importance. Such retention we refer to as cumulative phenomena, whic 
means that the freezing-point of blood is at least — 0.60 C., the total non-protem 
nitrogen 0.500 gm. and the urea of blood 0.550 gm. per L. 


5. Brown and Smith : Bull. Johns Hopkins Hosp., July, 1914. 

6. Marshall: Jour. Biol. Chem., 1913, xiv, 283; xv, 495. 

7. Marshall: Joyr. Biol. Chem., 1913, xv, 487. 
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RESULTS 

In a series of 56 cases of medical nephropathies, 60 diastase, 41 
phthalein, 30 urea determinations in the urine, together with 27 freez- 
ing points, 44 urea or total incoagulable nitrogen estimations in the 
blood-serum have been made. Opportunity to compare the functional 
findings with the anatomical changes present in the kidney at autopsy 
has been afforded in fifteen instances. For ease of presentation and 
discussion of the results, the cases presented in the accompanying 
table have been grouped as previously® into Section A, mild nephritis ; 
B, severe nephritis ; C, myocardial insufficiency ; D, cardiorenal disease. 

Group A — Mild Nephritis . — Twelve cases fall into this group. The 
lowest phthalein encountered was 40 per cent, for two hours, yet no 

. 38 " 

diastatic activity could be detected in two cases, while d — was less 

30 ' 

than 2 in two other instances. Details concerning two of these cases 
can be seen from the following case reports: 

Case 1. — W. B., 31,744. The patient, a physician, aged 45, consulted Dr. 
Barker concerning his shortness of breath. His family history was not of par- 
ticular interest, nor was his past history, except for two attacks of gout and 
occipital headache persisting for years. Under strain the patient became weak, 
nervous and irritable. 

For some years he had been aware of the fact that he had a slight albumin- 
uria, a few casts and a slightly increased B. P. The blood picture was practically 
normal. The eye grounds normal except for slight blurring of upper and nasal 
margin. Except a B. P. varying from 130 to 160 the physical examination 
revealed nothing of importance. The Wassermann was negative. 

Case 5.— J. B. P., 30,492.— This patient, 64 years of age, had had the ordinary 
diseases of childhood, pneumonia as a young man, one attack of gonorrhea fol- 
lowed by stricture, pyorrhea alveolaris for twenty years and an attack of rheu- 
matism fourteen years ago. For four years he has had to urinate once during 
the night. 

Present illness dated back six weeks, starting with slight pain in region of 
left kidney. Urinalysis showed albumin and casts, whereupon his family sent 
him in for study. 

Physical examination revealed slightly palpable radials, B. P. 135, an occa- 
sional extrasystole which later disappeared, and a faint aortic systolic murmur 
which frequently disappeared in erect posture. The Eoentgen-ray showed 
slight dilatation of the arch. The blood picture was normal and the eye grounds 
showed slight blurring of' part of margin of disc. The vessels were slightly 
tortuous, two small patches suggesting exudate in the left eye. There were no 
scars or hemorrhages in either eye. 

In the remaining’ eight cases the diastatic findings were in harmony 
with those of the other tests, two cases .showing but a slight reduction 
in diastatic activity, the others appearing normal. 

The findings in Case 7 are interesting. This was considered^ an 
acute exacerbation, mild in type, in the course of a chronic nephritis. 
However, the phthalein was considerably reduced, *41 per cent, for 


8. Rowntree and Fitz : The Archives Int. Med., 1913, xi, 258. 



TABLE 2.— Group B, Severe Nephritis 



31862 12 / 19/13 Chronic nephritis.... 22 18 2 + 0.322 Discharged Jan. 7, 1914, improved. 

1/28/14 Chronic nephritis.... 30 0 0 + 0.360 0.420 Lactose 12 hours. 
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two hours (20 per cent, for first hour), which is the lowest phthalein 

38 “ ' ' . 

in this group. D — was only 2, while the freezing point was reduced 

30 ' 

to — .64. All the findings are in harmony and point to a more serious 

38 “ 

involvement than clinically was thought to exist. The drop in d — 

30 ' 

to 0 three weeks later, at which time the albumin had practically dis- 
appeared, is inexplicable as the patient seemed much improved in every 
way and was discharged in good condition. 

No evidence of cumulative phenomena has been encountered in 
this group except in the instance just referred to, in which the finding 
was in keeping with the phthalein and diastase findings. 

It appears, therefore, that findings of all the tests are in harmony 
in nine of the twelve cases and that the findings of all the tests, with 
the exception of diastase, are in accord throughout. The diastatic 
activity has indicated severe functional involvement in three cases of 
nephritis in which the clinical picture, history, phthalein test, tests of 
retention and the subsequent course of events, all showed that the 
involvement was but slight. 

Group B — Severe Nephritis . — Fourteen cases of severe nephritis 
were studied. The diastatic activity was decreased in all but three 

38 “ 

instances — d — being 1.7 or lower in ten cases. Two of these patients 

30 ' 

died, but only one came to necropsy. Zero value for diastase was 
encountered three times. K. M., No. 14, showed a zero value shortly 
before leaving the hospital, at which time clinically he seemed much 
improved. Normal diastatic values were found in Nos. 19, 23 and 24. 

In No. 19 the finding is in harmony with all other tests with the 
exception of salt, toward which a retention existed. The case is of 
great interest as an instance of hyperpermeability in nephritis and has 
been reported in detail. Normal diastase findings in Nos. 23 and 24 
are irreconcilable with other findings, since the phthalein was markedly 
decreased and cumulative phenomena were present in both cases.- 
Depression of the freezing point to — .61 was only once encountered 
(No. 18), the patient dying one month later. In the presence of very 
severe nephritis, .the freezing point was not markedly decreased in 
three instances (Nos. 13, 14 and 16). Cumulative phenomena as 
evidenced by ui'ea and total hon-protein N of the blood were present 
in six cases. The low N content in Case 19*’ (referred to above) is of 
interest in connection with the high freezing point and normal phthalein 

9. This case has been classed as severe nephritis because of clinical findings— 
marked albuminuria and considerable edema. The findings of t e unc 
studies are prognostically correct, since the patient s condition is now no w 
than it was when she was observed two years ago. 



TABLE 3 .— Group C, Cardiac Cases 
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and normal diastatic activity. The rai^id increase in the total non- 
protein N in Case 20, reaching 2 gm. per L. just prior to death, is also 
worthy of note. 

No serious disagreement in the findings of the various tests in this 
group is encountered, except that diastatic activity is normal in two 
cases of severe nephritis which show cumulative phenomena. 

In considering diastase as an index of the functional capacity of the 
kidney in uncomplicated nephritis, it is evident that in the majority 
of, instances it is of some value. In three cases of mild nephritis, 
however, severe involvement of function has been indicated where the 
other tests and the clinical history fail to substantiate this, while in 
two cases of severe nephritis with very low phthalein output and with 
cumulative phenomena, no decrease at all in functional capacity is 
indicated. Since its findings are entirely out of harmony in five cases 
in a series of twenty-six, obviously no absolute reliance can be placed 
in it. The test must be considered of only corroborative^” value. 

Group C — Cardiac Cases. — Fifteen cardiac cases, myocardial 
insufficiency, endocarditis, etc., unassociated with nephritis were 
studied, eight of them coming to necropsy. As previously pointed out, 
these cases rarely have the markedly decreased phthalein output which 
is seen in severe grades of nephritis, although they may present a 
similar clinical picture. Only when the passive congestion is of an 
extreme grade is the phthalein output much reduced. With restora- 
tion of compensation, the phthalein rapidly becomes normal again. 
Of the six cases in which the phthalein output was studied, five patients 
died. Two had more than a 50 per cent, output, two 40 per cent., one 
33 and one 28 per cent. In severe myocardial breaks there is some 
tendency to a reduction of the output for the first hour (the highest 
output for the first hour was 36 per cent.), with a fair output the 
second hour. In many instances the outputs for the first and second 
hours are nearly equal. In this condition the first hour excretion is 
often a truer index to function than that for two hours. 

Diastase determinations were made in all these cases. Three 
patients died with a perfectly- normal diastatic activity, although two 
of these had earlier showed a decreased content. Four others died with 
a fair activity, two with a zero output,-while two did not die, although 
the diastase was very low — zero in one instance. Therefore, little 
dependence, prognostically or diagnostically, can be placed on the 
diastase findings. 

As has been previously pointed out by Strauss and Hohlweg, 
marked increase in blood urea and total non-protein N is not fre- 

10. Where the findings of the diastase test conflict with those of the phthalein, 
blood urea or blood nitrogen, w'e would discard the former. 
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quently seen'^ in pure passive congestion. A cumulative phenomenon 
is only seen once in six cases in which such studies were made, e. g., 
Case 37 in which the freezing point was — .67 and total incoagulable 
nitrogen on the upper limit of normal, .47 gm. per L. 

Group D — Cardiorenal Cases. — Fifteen cases fell into this group, 
three of which ended fatally. The relative and absolute degree of 
cardiac and renal involvement varied much in the different cases, so 
that practically all types of cardiorenal cases are included. 

One patient (No. 47) died showing a normal diastase during a 
cardiac break in nephritis. The phthalein here was 40 per cent, first 
hour and 18 per cent, second hour. Two patients (Nos. 52 and 53) 
died with a zero output and one of these showed only a chronic passive 
congestion at necropsy. Two (Nos. 48 and 51) left the hospital 
improved after exhibiting a zero output. In six cases a normal diastase 
was encountered, but in three of these the renal function was good as 
indicated by the other tests. 

It has been previously pointed out that diseases of the kidney may 
be clinically identical, but functionally and pathologically different, and 
that by the aid of the phthalein test it is possible to determine in any 
given cardiorenal case whether the heart or the kidney is relatively 
more responsible for the clinical picture presented. This is not possible 
by the diastase test, since the diastatic activity seems to be markedly 
but inconstantly depressed in both cardiac and renal disease. 

Cumulative phenomena were encountered in only three cases, all of 
which died. Case 52 is of special interest as the necropsy showed no 
changes other than passive congestion, although the blood urea was 
1.1 gm. per L. The freezing point was at the same time not at all 
depressed. 

Influence of Blood and of Albumin on Diastatic Activity.^' In the 
foregoing table blood is recorded in the urine in seven instances. In 
the other cases microscopical examination or the guaiac test failed to 
show its presence. Three, cases of mild nephritis showed blood and a 
normal or high “d.” ' A mild nephritic on two occasions showed a low 
“d,” one severe nephritic and one cardiac case a zero “d” value in the 

11. We have now seen three cases in which cumulative phenomena have been 

encountered in pure chronic congestion, e. g., Cases 37 and 52 and a t ir case 
which has been reported by Marshall and Davis. ^ t •fV, 

12. As stated above, this test deals only with “diastatic activity^ and no wi 
“diastase content.” The activity is dependent on environment and not on actual 
amount of diastase. Only the influence of albumin and blood have been con- 
sidered here, since they have entered into the interpretation of the hndings o 
the test in the hands of certain authors. 
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presence of blood. According to Wohlgemuth^^ and to Corbett/^ 
blood accelerates diastatic activity. 

Wohlgemuth^ ^ and Neumann^® do not consider that the presence of 
albumin affects the diastatic activity of the urine, while Corbett and 
Geyelin^^ think that it may, claiming that higher findings are encoun- 
tered in cases with marked albuminuria. 

In the sixty diastase determinations made, the presence or absence 
of albumin was noted in fifty-six instances, with forty-eight positive 
findings. Exact quantitative studies of the albumin content were not 
made, the amount present being indicated as a trace, + +, etc. 

In the twelve cases of mild nephritis six cases showed a normal or 
high “d” value. In none of these was there much albumin in the urine, 
but in three the guaiac test was positive. Only once (Case 7 ) was 
much albumin present, the ’‘d” value was low, but later with less 
albumin the “d” sank to 0 — blood still persisting in the urine. 

In fourteen cases of more severe nephritis much albumin was 
present in five instances and in two of these a normal “d’’ was encoun- 
tered. One of these cases (No. 19) had normal function indicated by 
all other tests except the salt test, so that it is not necessary to assume 
that the albumin was responsible for the high “d” value in this instance. 
In Case 17, despite the presence of large amounts of albumin and the 
presence of blood, a zero “d” value was present. 

In fifteen cardiac cases much albumin was present in three instances 
and a normal diastase value only once. Case 29 with about the same 
amounts on each occasion gave a 0 value at first and a normal one 
later. The patient died. The phthalein here showed definite func- 
tional impairment, 23 and 18 per cent, for the first and second hours, 
respectively — the first hour reading being probably the truer index to 
the function. 

In fifteen cardiorenal cases much albumin was present in four 
cases and normal diastase once in three of the four cases in which it 
was determined. In the series of severe renal and cardiorenal cases, 
twelve instances of marked albuminuria were found and in only four 
cases was “d” normal or higher, while in four it was 1.7 or 0. 

Analysis of our data does not indicate that albumin plays a great 
role in activating diastase. Are we justified, then, in ascribing high 
or normal values in the presence of marked albuminuria to activation 
of diastase by the albumin? In Case 19 we have an instance of hyper- 

13. Wohlgemuth; Ztschr. f. Urol., 1911, v, 801. 

14. Corbett; Quart. Jour. Med., 19i3, vi, 365. 

15. Wohlgemuth states that with the technic here employed no activation 
occurs unless the albumin is present in large amount. 

16. Neumann; Deutsch. Arch. f. klin. Med., 1913, cxi, 164. 

17. Geyelin; The Archives Ixt. Med., 1914, xiii, 96. 
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permeability of the kidney— high phthalein, 70 per cent, for two hours, 
normal . diastase, normal urea output, no cumulative phenomena but 
retention of salt. It is not necessary to assume that the diastatic 
activity has been accelerated by the albumin. 

First it seems advisable to determine whether or not albumin does 
activate diastase, and if it does, to what extent. In case it does, then 
it must be determined whether the character of the albumin or the 
quantity plays a role and to what extent. Since albuminuria is almost 
constant in conditions in which the diastatic activity is determined, and 
since marked albuminuria may be associated with zero and low “d” 
values, it constitutes a serious defect in the test to attempt to ascribe 
normal or high findings in certain instances to the presence of albumin.^. 
Uncertainty as to the interpretation of the findings of a test must of 
necessity decrease the practical value of that test. 

CONCLUSIONS 

1. The quantitative estimation of the diastatic activity of the urine 
as it is employed at present shows low values in the majority of cases 
of mild and severe nephritis, while in cardiac and cardiorenal cases 
the diastase findings are bizarre. Owing to the frequent occurrence of 
normal diastatic values in cases in which considerable or grave renal 
functional involvement is unquestionably present, and of low diastatic 
values which are not in accord with the clinical course of the case or 
Avith findings of other functional tests, no diagnostic or prognostic 
significance attaches to this test, other than that which is corroborative 
in character. As a single test it is unreliable. Further data as to the 
influence of albumin on the “d” value are desirable. 

2. The phthalein test is the one of choice and unquestionably the 
most valuable single test in this group of cases. 

The total non-protein N and urea content of the blood are of about 
equal value in severe cases, while the freezing point of the serum 
is probably of somewhat less value since depression in the freezing 
point is lacking in several instances in which one or both of the other 
tests indicate that retention is present. 

3. Both tests of excretion and of retention are valuable. In all 
cases a phthalein test is advisable. Wherever the phthalein output is 
decreased even but slightly the total non-protein nitrogen or the blood 
urea or both should be determined. 



THE EFFECT OF SODIUM SALICYLATE ON VARIOUS 
TYPES OF EXPERIMENTAL ARTHRITIS* 


DAVID JOHN DAVIS, M.D. 

CHICAGO 

The following experiments were made in order to determine the 
effect of salicylates in animals inoculated with various types of strepto- 
cocci. These cocci were isolated from various sources, and their causal 
relation to certain clinical conditions, especially of the rheumatic types, 
is pointed out in its appropriate place with the several series of experi- 
ments reported below. 

The experiments with the different organisms were all carried on in 
the same way. The animals used were rabbits. They were given, 
in some cases on the previous day, in other cases from one to 
two hours previous to inoculation, S grains of a synthetic preparation^ 
of sodium salicylate subcutaneously or intramuscularly. They were 
then inoculated intravenously with suitable doses of living suspensions 
of twenty-four-hour cultures of the streptococci. On each subsequent 
day from 3 to 5 grains of salicylate were given to the animals, usually 
subcutaneously, for a period of two to three weeks if the animal lived, 
or until the animal died. Careful observations of the animals were 
made from day to day for evidence of infection, especially arthritis. 
In all experiments a series of six animals were inoculated with iden- 
tical amounts of culture, three of which received the salicylate as 
above indicated, and three served as control animals. Young animals 
were used, since they are more susceptible to infection than old 
animals. 

Experiment 1 . — Six young rabbits were carefully selected, of approximately 
the same weight and age and about three-quarters grown. Their weight was 
about 1,100 gm. All were given, into the ear vein, equal amounts of Strepto- 
coccus 236 suspended in about 2 c.c. of salt solution. Three animals had 
received two hours previously 5 grains of sodium salicylate subcutaneously; 
this same amount was continued daily following the injection. Streptococcus 
236 is an organism that was isolated from a person dying of an infection which 
began as a sore throat and which occurred during the Chicago milk epidemic 
in 1912. It was hemolytic and encapsulated and possessed the properties of 
the epidemic type of streptococci as described by Dr. Rosenow and myself 
previously.' The reasons for testing an organism of this type are readily appar- 

* Submitted for publication Oct. 16, 1914. 

*From the Department of Experimental Medicine, University of Illinois, 
Chicago. 

1. It has been shown by Waddell (Archives Int. Med., 1911, viii, 784) that 
the synthetic preparations of salicylates behave like the natural products. 

2. Davis, D. J., and Rosenow, E. C. : An Epidemic of Sore Throat Due 
to a Peculiar Streptococcus, Jour. Am. I^Ied. Assn., 1912, Iviii, 773. 
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ent, since the use_ of salicylates, aspirin, etc., is so universal in cases of severe 
sore throat, especially when complicated by joint symptoms as not infrequently 
happens. 

In this series all the animals died, each having developed multiple arthritis. 
The three receiving salicylates lived four, seven and three days, a total of four- 
teen days following inoculation. The controls lived eight, eleven and seven 
days, a total of twenty-six days. Two of the former and one of the latter 
showed slight lesions of endocarditis. From the joints in all the animals the 
streptococcus was recovered and in four of the six the heart’s blood at necropsy 
yielded streptococci. It is evident from this experiment that the salicylates 
had no favorable influence on the course of the infection with this strepto- 
coccus. Indeed, the data indicate rather a slight unfavorable effect. 

Experiment 2. — The next series of animals were inoculated with a hemolytic 
streptococcus of bovine origin isolated from the udder of a cow suffering with 
severe mastitis. It was very similar to Streptococcus 236 and was highly viru- 
lent to animals. The experiment was made exactly as was the previous one. 
All the animals developed multiple arthritis. The three receiving salicylates 
died after five, two and three days, respectively. Two of the controls died 
after five and three days and the remaining animal was still alive one month 
later- though suffering from a large and badly deformed joint. One of the 
salicylate rabbits at necropsy revealed endocarditis. In the heart’s blood of 
the five animals that died streptococci were found post mortem. Here again 
the salicylates had no favorable effect;' if anything the reverse. 

Experiment 3. — ^The next series of animals was treated exactly as in the 
previous experiments except that after the first dose of 5 grains, 3 grains of 
salicylates were given daily. This of course is still relatively a large dose. The 
streptococcus used was obtained from Dr. E. C. Rosenow, who shortly before 
had isolated it from the kneejoint of a person suffering with acute rheumatic 
fever. This organism had the general properties of the Diplococcns rheumaticus 
as described by Poynton and Payne. Since these organisms are less virulent 
for animals than the hemolytic streptococci, it was necessary to inject con- 
siderably larger doses, the growth from three blood-agar slants being given 
to each animal. All the animals without exception developed arthritis of greater 
or less intensity and multiple in character. Only one, an animal which was 
receiving salicylates, died; this occurred nine days after inoculation and the 
necropsy revealed multiple acute arthritis, endocarditis and fibrinous pericarditis. 
Cultures were positive from all these lesions. Three of the animals were killed 
after eleven days and cultures from joints yielded streptococci. The remaining 
two animals, one receiving salicylates daily for three weeks, and the other as 
control, were kept under observation for three months. No appreciable effect 
of the salicylates was evident. At the end of this time the joints in both animals . 
were still distinctly and about equally enlarged. Otherwise the animals appeared 
normal and were not emaciated. 

Experiment 4. — ^The next series of animals was inoculated with a strepto- 
coccus (256) isolated from the tonsil crypts in pure culture from an individual 
suffering with chronic tonsillitis and chronic rheumatoid arthritis. This orgaii- 
ism was probably the causal agent in this condition. It was hemolytic 
and highly virulent for animals. The experiments were carried on exactly as 
with the other organisms. All animals developed multiple joint lesions within 
a few days. Those receiving the salicylates died after five, eight and nine days, 
respectively. No endocarditis. Two of the control animals died after four 
and five days; the third animal did not die, but developed multiple arthritis, 
the lesions becoming chronic and leading to marked enlargement and deformity 
of some of the joints. In connection with this e.xperiment another rabbit was 
inoculated with a small dose of the same streptococcus (256). Joint lesmns 
appeared after several days. Seven days after the inoculation and at a time 
when the arthritis was distinct, the animal was given 5 grains daily of sodium 
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salicylate. The lesions continued in a chronic state and showed no appreciable 
improvement after several weeks. The general course of the infection in this 
animal was almost identical with the outcome in the control animal that lived 
in the previous experiment, though it had a somewhat smaller dose of strepto- 
cocci. It must be said, therefore, that the sodium salicylate had no appreciable 
effect on the course of the infection. 

SUMMARY 

It is clear from the several series of experiments here reported that 
sodium salicylate does not exert a favorable effect on infections in 
rabbits caused by various types of streptococci under the conditions 
detailed above. It does not prevent localization of the organism in 
joints, nor does it prevent the appearance of endocarditis. It would 
seem to have, therefore, no prophylactic value, nor does it alter the 
course of the infection after it has once become established. 



SKIAGRAPHIC STUDY OF THORAX, THORACIC WALL 
AND THORACIC VISCERA* 

L. B. BIBB, M.D., and C. E. GILLILAND, M.D. 

AUSTIN, TEX. 

The Roentgen-ray picture of the normal or abnormal thorax invari- 
ably shows certain opacities corresponding to the hilus of the lung. 
Latent tuberculosis is found in this same location, and it has been 
stated that tuberculosis always begins here and spreads through the 
lun^ in a peripheral direction. It is of prime importance, therefore, to 
ascertain if possible the cause of these opacities. 

An attempt was made to analyze the roentgenogram of the thorax 
by taking a cadaver and making a Roentgen-ray plate of the thorax 
intact; of the thorax with heart and lungs removed; of the posterior 
thoracic wall a,lone ; of the detached heart and lungs ; of the heart 
separate ; of the lungs freed from the heart and vessels, and finally of 
the lungs with the bronchi, artery, or vein injected with opaque emul- 
sion of barium sulphate, or with citrated blood. 

The cadaver was that of a negress, aged about 65, who died of 
gangrene of the legs due to extreme anasarca, probably of renal origin. 
No physical or other examination of the lung was made prior to death. 

• The roentgenogram of the intact thorax showed an enormous heart 
shadow. This roentgenogram was made with the subject lying on the 
back, the plate underneath and the tube 26 inches above the plate. 

The roentgenogram of the intact thorax does not show quite so 
many opacities as usual beside the heart, because the heart shadow 
overlaps and obscures them. Nevertheless, a few opacities appear in 
the region of the hilus of the lung. A careful dissection later showed 
complete absence of calcified lymph-nodes ; the numerous peribronchial 
lymph-nodes were pea-sized and of a dark, almost black, color. In 
Figure 2 the costosternal cartilages are seen, just to the right of the 
sternum. It is impossible to trace these cartilages throughout their 
extent, and hence they may at times cause shadows that might be 
mistaken for shadows of something else, as for instance, calcified 
nodes. 

The lower lobe of the right lung shows an infiltrated condition, 
which was evidenced in the gross .specimen by a sharply demarcated 
zone of deep red in contrast with the pale color of the normal lung 

* Submitted for publication Aug. 29, 1914. 

*From the Pathological Laboratory, Austin Presbyterian Sanitarium. 
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above. This infiltration shows beautifully in Figure 6. It was easily 
detected by palpation of the specimen, as the lung was less crepitant in 
the affected region. The roentgenogram of the intact thorax gives 
only a hint of this condition. The failure to show this might be 
attributed to the fact that the tube was not centered directly over the 
region, and might suggest that an intensive study of the lung could be 
better made by a series of small roentgenograms made with the tube 
in each instance accurately centered over the area in question. ; 



Fig. 1. — Intact thorax; picture made post mortem. Note the mottling seen 
in some of the intercostal spaces, especially on right side, low down. Heart is 
large, apex projecting bej^ond edge of plate. 


The picture of this thorax does not show the broncho vascular tree, 
probably because the heart and pericardium overshadows the portion 
where the tree should show plainest, and because of the post mortem 
collapse of the vessels. 

A comparison of Figure 2 with Figure 1 shows that practically all 
the opacities are due to the contents of the thorax and not to the 
thoracic wall. The single exception is the shadow due to the costo- 
sternal cartilages referred to above, and which is visible in Figure 2. 
The blood-vessels and lymph-nodes of the chest wall do not show at 
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Fig. 2.— Front and back thoracic wall Intercostal ^^rtilages show 

absence of densities or obscurities in intersp 
very faintly near arrows. 
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Fig. 3. — Posterior thoracic wall alone. Intercostal cartilages absent. 
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Fig. 4.— Heart and lungs after . removal. Note consolidation of lower lobe 
of right lung. Hilus shadow shows on left side. Note the arborization of ung 
by bronchi and vessels. 
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all. Figure 3 is the equivalent of Figure 2, except that the anterior 
thoracic wall has been removed. 

Figure 4 is instructive in that it shows many dense areas in the 
region of the hilus. , These shadows are not due to lymph-nodes, 
because dissection proved that none of the nodes were calcified. It 
is difficult to account for all these densities on the ground that they are 
shadows of bronchi, because the bronchi (as will be noted later in this 
article) show as pairs of parallel lines with a rarefied area between. 
Certain it is that the bronchi do not satisfactorily account for all the^ 
hilus area. A part of the hilus density is evidently due to blood vessels, 
pericardium, mediastinal fat, and adventitious connective tissue. 

Figure 5 presents all the densities and opacities due to the fibrous 
connective tissue in and around the arteries, veins and heart. Figure 5 
stands in marked contrast to Figure 6, because the litter showing the 
lungs alone is comparatively free from densities and opacities. It seems 
that the contrast between the roentgenogram of the lungs alone 
(Fig. 6) and that of the heart and vessels (Fig. 5) brings out a valua- 
ble lesson, namely, that hilus shadows are due not only to the bronchi, 
but also to the blood vessels, and adventitious connective tissue. 

Our studies were continued with lungs from healthy sheep. These 
organs are very similar to human lungs but differ in one rather impor- 
tant particular ; namely, they have thin-walled bronchi with relatively 
large lumen. The density of bronchial shadows as compared with 
that of blood vessel shadows is brought out in Figures 7 and 8. The 
first of these shows sheep lungs and heart intact. The second (Fig. 8) 
shows sheep lungs with the heart removed while the blood-vessels and 
other little tags of mediastinal tissue remain. Note how much the pic- 
ture is cleared up when the lungs are freed from the vessels (as far as 
possible). Figure 9 represents the lungs of the sheep after all blood- 
vessels and tags of mediastinal tissue are removed from the hilus. The 
minute density near the lower border of the left lung (seen better in 
Figures 8 and 10) is a calcified area, verified by actual dissection. Its 
occurrence in this sheep, selected at random, indicates that calcified 
areas are not uncommon, especially since we have found them in about 
5 per cent, of human chests examined. We do not consider a dense 
area as necessarily a calcified area unless it is clearly defined and 
isolated. 

The appearance of the heart and lungs in Figures 4 and 7 is in 
one respect unnatural, namely, in so far as heart and vessels are 
practically empty. It can be observed in these two pictures that the 
blood-vessels do not cast a distinct shadow. The blood content is 
lacking. Figure 11 and Figure 12 show the difference between the 
shadow cast by the pulmonary artery when empty and when distended 
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Fig._ 6. — Lungs freed from heart and vessels. The probes are in arteries 
and veins, but these are collapsed and do not show. Note above all that each 
bronchus shows as two parallel dark lines with a light band between. Note 
the consolidated lower right lobe. 
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Fig. 7. — Heart and lungs of sheep. 
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Fig. 8.— Same as Figure 7, except heart has been cut away, leaving great 
vessels, of which the mouths show as rings. 
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Fig. 10. — Same as Figure 9, but now injected with barium emulsion. The 
small lobe, bronchus alone injected. Large lobe on same side, artery alone 
injected. Large lobe on opposite side, vein alone injected. Note that the ves- 
sels accompany the bronchi and are of about the same size. 
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by blood. The artery with its column of blood casts a distinct shadow 
in Figure 12. The relative position of all structures is identical in the 
two pictures, because the needle for injecting the blood was in situ 
before Figure 1 1 was made. Immediately after exposing the plate for 
Figure 11 the clamps were released and citrated blood was allowed to 



Fig. 12.— Same as Figure 11, except clamps were released and citrated blood 
was allowed to run in without moving specimen, which is in almost exactly 
the same position as shown in Figure 11. Note the pulmonary artery shadow 
accompanying the primary bronchi. The arrow points to a branch of the pul- 
monary artery going to small upper lobe. ‘ 

run into the pulmonary artery under six feet gravity pressure. Note 
that the artery with its contained blood casts a dense shadow, whereas 
the accompanying bronchi show negatively as vacuities except that 
the side walls of the bronchi seen in section show as a density. 
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Figure 13 shows the difference in the roentgenogram of a bronchus 
and that of an artery of about the same size. The artery is full of 
blood. It will be observed that the bronchus shows as a light streak 
(lumen) bordered by a dark streak (wall) on each side. The blood- 
vessel, however, shows as a uniformly dark band, except for the fact 
that in this instance an air bubble shows as a round light area. 

None of the plates have been retouched, and the half-tones do not 
give an absolutely perfect idea of all the points. 

CONCLUSIONS 

1. The anterior and posterior chest walls offer no source of error 
in interpreting hilus shadows, except that the costal cartilages may be 



Fig. 13. — Artery and bronchus. Note difference in character^ of shadow 
cast. The artery is distended by citrated blood. Note air bubble in artery. 

irregularly calcified ; this condition is easily recognizable in the 
roentgenogram. 

2. When the lung and heart are removed from the thorax and 
roentgenograms made, it is clearly seen that all the obscure densities 
in the thoracic roentgenogram are of visceral origin. 

3. The vessels and adventitious connective tissue cast distinct 
shadows on the roentgenogram. 

4. The shadows cast by the bronchi are linear and do not easily 
fuse to form a broad shadow such as that seen ordinarily in the hilus 
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region. On the other hand, the shadows of blood-vessels are uniform, 
and when filled with blood might easily fuse to form the greater part 
of the hilus shadow. 

5. The lumen of the bronchus more than compensates for the 
fibrous tissue in its wall, so that the bronchial shadow consists (on 
the negative) of a dark band bounded by two narrow light bands, the 
latter being due to the bronchial wall in section. 

6. The vessels correspond to the bronchi and are distributed in a 
similar manner throughout the lung, except the first one or two sub- 
divisions at the hilus. 

7 . The hilus shadow is not due to lymph-nodes, although in some 
cases of disease these might participate in its formation. 

Note; After writing the foregoing we discovered a reference to similar work 
done earlier by Dunham, Boardman and Wolman, who conclude that the hilus, 
shadow is due jointly to bronchi and vessels; also work by Fraenkel and Lorez, 
who attribute the entire hilus shadow to the vessels, especially the pulmonary 
artery; and work by Sewell and Childs, who like us, believe that the hilus 
shadow is almost entirely due to the vessels. 

No reference was made to any injections of citrated blood. For this reason, 
and also for the reason that the workers mentioned did not perfectly agree 
among themselves, the present report is published. 
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METASTATIC CALCIFICATION * 

H. GIDEON WELLS 

CHICAGO 

Metastatic calcification would seem to be ^ rare condition, if 
estimated by the number of c&ses reported in the literature, but it is 
undoubtedly often overlooked, and many cases that are recognized are 
probably not recorded. In 1911 I was able to collect from the litera- 
ture but twenty-nine cases, ^ and since that time there have been but two 
more cases recorded (those of M. B. Schmidt- and Schober®) so far 
as I can find. The small number of cases published, and especially the 
important bearing this condition of metastatic calcification has. on the 
general problems of calcium metabolism, ossification and pathological 
calcification, makes each additional case worthy of study and report. 

By metastatic calcification is implied that the wide-spread deposi- 
tion of calcium salts is a result of their excessive absorption from the 
normal depots, and excludes instances in which wide-spread tissue 
injury is the primary cause of a deposition of calcium salts. As 
Virchow inferred when describing this condition originally, it is a 
result of oversaturation of the blood with calcium salts. This view has 
received almost unanimous acceptance because it was found that 
metastatic calcification usually accompanied extensive destruction of 
bone tissue (for instance, tuberculosis or neoplasms of bones, and 
leukemia), which would result in the absorption of considerable 
amounts of the bone salts. This explanation received experimental 
support from Tanaka,^ who injected soluble calcium salts into the peri- 
toneal cavity of animals and found not only local deposits of calcium, 
but also deposits in remote tissues ; his work has been corroborated by 
Katase,” who obtained the same results also by subcutaneous. and intra- 
venous injections. 

One of the striking features of metastatic calcification as observed 
in human pathology is the predilection of the lungs, stomach and kid- 
neys as the site of deposit. As the deposit, contrary to the rule in 
ordinary pathological calcification, takes place in tissues not previously 

* Submitted for publication Oct. 16, 1914. 

* From the Department of Pathology, University of Chicago. 
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injured or altered, and as these three organs are not often the site of 
calcification independent of local lesions, their selection is striking. 
The explanation would seem to lie in the fact that in these tissues we 
have the three chief places in the body where acids are excreted, and 
where, in consequence, the fluids must be most alkaline. An especially 
conclusive bit of evidence of the correctness of this hypothesis is 
furnished by metastatic calcification in the stomach, where, as pointed 
out by Hofmeister,® the deposits are limited to the interglandular tissue 
about the upper part of the glands of the fundus, that is, exactly corre- 
sponding to the location of the acid-secreting parietal cells. 

In another place^ I have pointed out the important part played by 
the carbon dioxid of the blood and tissue fluids in the transportation, 
absorption and deposition of calcium salts. Metastatic calcification 
provides a striking demonstration of this fact, not only by the marked 
and almost invariable calcification of the alveolar walls of the lung 
where the carbon dioxid is given off from the blood, but especially by 
those cases in which there is found also, an extensive deposition of lime 
salts in the pulmonary veins, the left side of the heart, and the systemic 
arteries, that is, where the blood is poorest in carbon dioxid. Among 
such cases are the following: 

Lazarus and Davidsohn’ found in a 19-year-old girl with sarcoma of the 
dura eroding the skull, resulting in extensive metastatic calcification, a marked 
calcification of the intima of the left auricle, without involvement of the muscle 
itself. There was no calcification of the left ventricle or in the large pulmonary 
arteries and veins, and but a single calcified plaque in the aorta. It is par- 
ticularly noted that the calcium has been deposited from the lumen of the auricle 
directl}" into the adjacent endocardium, supporting the hypothesis that the 
existing condition is the result of oversaturation with calcium from the blood 
in the left auricle. 

Verse* described a case of myelogenous leukemia in a 25-year-old laborer, 
in which there was metastatic calcification that was especially marked in the 
lungs and left auricle. The latter is described as follows : The entire intima 
was white, except here and there some gray stripes and lines in places that 
were not calcified. The calcification ceased at the orifices of the pulmonary 
veins, extended down to the mitral ring and extended somewhat into the 
auricular appendix. The musculature of the heart was free from calcification. 
In the pulmonary artery there were only a few small yellow thickenings, but 
in the abdominal aorta were larger plaques with calcification, and also the media 
of the arteries of the lower extremities was much calcified. The lung contained 
numerous areas of calcification of the alveolar walls, and the pulmonary veins 
were fieavily calcified with large rigid plaques. The deposits gave reactions for 
carbonates and phosphates. Microscopically the pulmonary veins showed the 
calcification to involve the media, but with the elastic fibers well preserved. In 
the auricle the deposits occupied the endocardial and subendocardial connective 
tissues, reaching to but not involving the muscle; here also the elastic fibers 
were not destroyed except in the oldest areas. In the kidneys the calcification 
was limited to a few areas in the cortex. 


6. Hofmeister: Ergebn. d. Physiol., 1910, ix, 429. 

7. Lazarus and Davidsohn: Ztschr. f. klin. Med., 1906, lx, 314. 

8. Verse: Verhandl. d. deutsch. path. Gesellsch., 1910, xiv, 281. 
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M, B. Schmidt’s* case is one of general calcification without bone destruc- 
tion, and therefore not entirely within the strict interpretation of “metastatic 
calcification.” Schmidt himself calls it Kalkgicht. Advanced nephritis was 
present in this as in most of the other cases of this sort, and is considered 
responsible, although the correctness of this assumption is questionable in view 
of the fact that the kidneys normally excrete but a small fraction of the cal- 
cium, most of which is eliminated through the bowels. There was an extensive 
calcification of the myocardium of the left ventricle, which contained 2.32 per 
cent, calcium oxid. It was especially located beneath the pericardium, and no 
mention is made of the condition of the left auricle. There was calcification 
in the lungs, kidneys, pulmonary veins, stomach, and especially in the systemic 
arteries. In some of the vessels there were free precipitates of lime salts Inde- 
pendent of thrombi or infiltration of the vessel walls, which ' seem evidence 
that the deposition has been the result of an oversaturation of the blood with 
the salts. 

It is interesting, also, to go back to the report of Kiittner” in 1872 of a case 
of extensive bone disease with extreme calcification of all the systemic arteries, 
for this observation led Kiittner to suggest for the first time the possible impor- 
tance of the poverty of carbon dioxid in the arterial blood as the explanation 
of this particular localization, as well as the common occurrence of metastatic 
calcification in the lungs. In this case, . however, there was no involvement of 
the heart recorded, so it does not fall into the group under discussion. 

That calcification of the left auricle is common in metastatic calcifi- 
cation would seem probable, for we find it occasionally mentioned inci- 
dentally without particular attention being given to it. For example, 
Jadassohn,^® in reporting a case of metastatic calcification resulting 
from osteomyelitis, merely mentions the presence in the endocardium 
of the left auricle of several hard white platelets, and of calcification 
of the papillary muscles and the large vessels in the lungs, but discusses' 
chiefly the concomitant calcification of the skin.. Also, in Schober’s® 
case there was extensive calcification in the left auricle. Probably this 
endocardial and intimal localization has been overlooked or not men- 
tioned by several of the observers of cases of metastatic calcification. 

A case of typical metastatic calcification in myelogenous leukemia, 
with extensive involvement of the left side of the heart, thus resemb- 
ling Verse’s case, recently came under my observation in the necropsy 
room of the Cook County Hospital. 

The patient was a Bulgarian laborer, 30 years old, who had a typical 
myelogenous leukemia of unknown duration. From the necropsy 
record, which shows the usual findings of myelogenous leukemia, the 
following points are extracted : 

The heart was slightly increased in size by thickening of the left ventricle. 
There were a few small yellowish subpericardial areas which were not evidently 
calcified, but the coronary arteries showed extensive calcification. The fora- 
men ovale was open, but protected by a valve-like flap, near which in the left 
auricle was a calcified plaque. Several other delicate calcific deposits appeared 
in the endocardium of the left auricle, involving about two-thirds of its entire 


9, Kiittner: Virchow’s Arch. f. path. Anat., 1872, Iv, 521. 

10. Jadassohn: Arch. f. Dermatol., 1910, c. 317. 
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surface. Nothing of the kind could be found in the right auricle or ventricle, 
or in the pulmonary arteries. In the left ventricle under the endocardium 
there were light colored, irregular streaks and areas in the myocardium which 
grated when scraped with the knife. These calcified areas were quite numer- 
ous and distributed everywhere throughout the left ventricle, most numerous 
in the septum; but there were no such deposits found in the right ventricle. 

The lungs did not collapse, showed a diffuse increase in consistency, and 
were somewhat dark in color. The cut surface was dry, slightly brownish, and 
semi-solidified. There was a slight grating sensation on cutting, and a sandy 
feel to some areas, especially where vessels were cut across. 



Fig. 1. — ^Lung, fixed in alcohol and stained by von Kossa’s method with silver 
nitrate. The black-stained phosphate deposits are seen especially in the walls 
of two pulmonary veins, whereas a section of an artery nearby is not brought 
out because of the lack of calcification. The discontinuous calcium deposits in 
the alveolar walls are also well shown. Magnified 75 diameters. 

All the other viscera showed the changes usual in leukemia, there being a 
marked leukemic infiltration of the liver and kidneys, without fibrotic changes 
in either. The marrow of the sternum and clavicle showed a marked hyper- 
plasia, with destruction of bone tissue; in the sternum there were several well- 
defined yellow areas in the marrow. Other bones could not be examined, 
e.xcept the calvarium, which seemed to be normal. 

No gross evidence of calcification was observed in the stomach or elsewhere 
in the alimentary tract. The blood-vessels in general were not calcified or 
sclerotic, this including the vessels of the brain. 
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Samples of lung tissue and heart muscle were preserved in alcohol. 
Unfortunately, the other tissues were preserved in Zenker’s fluid con- 
taining acetic acid, and none of the stomach was kept. 

Histological examination of the viscera in general showed only the 
usual changes of leukemia, there being no calcification demonstrable in 
Zenker’s fixed tissues except in the lungs, myocardium and kidneys. 
Examination of alcohol-fixed tissues showed the following changes: 

Lung (Fig. 1). — ^The heaviest deposits are in the large veins, occurring as 
thick, rather homogeneous masses which lie beneath the intima and often occupy 



Fig. 2. — Left auricle. Stained by hematoxylin and eosin. The heavy deposit 
of calcium in the endocardium is shown without involvement of the underlying 
muscle. This illustrates the fact that the deposition comes from the blood 
passing through the left auricle. Magnified 52 diameters. 

the entire media. The intima itself does not seem to contain any calcium. 
About some of the veins there is a heavy deposit in the adjacent alveoli, some 
of which are greatly thickened by masses of hematoxylin-stained homogeneous 
material. The adventitia of the vessels is not affected. Some of the larger 
bronchi show a heavy deposit, which is especially marked in the basement mem 
brane beneath the epithelium, although in some places the muscularis is a so 
involved. This finding is of interest in connection with Katase’s statement la 
calcium is excreted through the bronchial mucosa. There is considerable 
fication of the bronchial cartilages. The pulmonary arteries show no calcmca to 
and form a striking contrast to the adjacent calcified veins. In the a veo a 
walls there is considerable calcification, involving to a greater or less ex e 
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the myocardium are also calcium deposits, which are usually located in the 
vicinity of small arteries. Here the deposit is in the muscle fibers themselves 
in early stag^ being in the' form of small granules, in the later stages so dense 
that the structures are obliterated, sometimes with transverse lines of calcium, 
and often with fragmentation of the muscle fibers. In most instances there 
is no evidence that there has been any preceding change in the muscle fibers, 
but in some areas there is a concomitant local fibrosis, which might, however, 
be secondary to the calcification. There are no areas of leukemic infiltration. 
A large artery shows calcification selectively in the elastic lamina, with also a 
heavy deposit in the adventitia and in some foci in the media. 

When the calcium is removed with acid and the section stained with hema- 
toxylin and eosin, the muscle fibers that were calcified are found to be homo- 
geneous, fragmented, but often with intact nuclei. 

Kidney . — Besides extensive leukemic infiltration, there are numerous tubules 
showing calcification of their epithelium, and others showing calcified masses 
in the lumen. The glomerules and arteries are not calcified. 

As the other tissues were not preserved in alcohol, but in Zenker’s fluid, 
which dissolves out small deposits of calcium, we cannot be sure whether there 
was calcification in them or not. Nothing was found in the Zenker-fixed tissues 
that suggested the existence of calcification previously. 

Sections through the sternum show the usua.1 features of bone marrow in 
myelogenous leukemia, including an active destruction of the bone tissue. 

Sections of the calcified tissues stained by von Kossa's silver nitrate method 
gave good selective staining of the deposits, showing that phosphates were 
present. Sections treated with hydrochloric acid gave a slight effervescence 
of gas showing the presence of carbonates. When treated with sulphuric acid 
the typical crystals of calcium sulphate were formed. 

To recapitulate, we have here a typical case of metastatic calcifica- 
tion, resulting from bone destruction in myelogenous leukemia, making 
the thirty-second case of metastatic calcification found recorded. Of 
particular prominence and significance in this case are the heavy cal- 
cium deposits in the endocardium of the left side of the heart, the 
intima of the pulmonary veins and of the cardiac arteries, which -illus- 
trates as by a natural experiment the importance of the carbon dioxid 
of the blood in the transportation of calcium. When bone tissue is 
being rapidly absorbed, the venous blood becomes loaded with a greater 
amount of calcium (probably in the form of tribasic calcium carbon- 
phosphate^) than arterial blood can hold in solution. Hence in this 
case of metastatic calcification no calcium is found in the right side of 
the heart or in the pulmonary arteries, but when the blood has passed 
through the lungs and lost a large part of its carbon dioxid, the calcium 
salts are precipitated in the pulmonary veins, the left heart and the 
arteries and taken up by the adjacent tissues. 
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nitrogen ; in addition the organic condition of the gland was definitely 
established. 

This larger series of cases has afforded another and most valuable 
fact : one, indeed, quite indispensable to the method, namely, the 
existence of a normal standard of ferment strength for the external 
secretion of the pancreas. In the present series of 120 cases, only 
seventeen showed a deviation from the normal ; of these we should 
exclude six instances in which complete absence of ferments existed, 
due to tumor obstruction of the ducts. In the remaining 103 cases, a 
uniform, or as Bondi'^ has called it, “a monotonously uniform” strength 
of ferments was found. We must accept the figures of these 103 cases 
as representing the activity of a normal pancreas. In reading the 
results of the chemical analysis, it is well to compare the activity of 
each ferment with the average strength of that enzyme as ascertained 
for normal cases. A general idea will then be had of the activity of 
the fluid obtained. This is superior to testing for only one ferment. 
Of the three enzymes calculated, lipase is undoubtedly the most 
variable, trypsin the most constant. By far the most reliable single 
index is the tryptic activity, as this protease is found uniformly when 
the ducts are patent. Normally, 10 c.c. of 0.1 per cent, casein solution 
is digested in twenty-four hours by duodenal contents in dilution of 
1 : 3,000 to 1 : 10,000 or even higher dilutions. 

The amount of duodenal contents collected cannot be utilized as an 
index of the amount of pancreatic juice secreted ; some cases yield 
4 to 5 C.C., some up to 15 to 20 c.c., during the five minutes of moderate 
continuous aspiration practiced. The strength of the ferments does 
not vary with the amount aspirated, the enzyme strength of over 
90 per cent, of the cases being a constant one in spite of considerable 
variations in the amount of fluid obtained. 

Before proceeding to discuss in detail the results obtained by me 
in duodenal content examinations, it would be advisable to review the 
results of similar investigators in the same field, as also the articles 
which have appeared since the preliminary publication of my first 
paper. 

Einhorn,^ in 1910, examined the duodenal contents in sixteen cases 
of various gastric disorders; seven of these cases were instances of 
achylia gastrica ; ferments were present in practically all of these trials, 
trypsin twice being reported as absent. He further noted the absence 
of bile in a case of chronic icterus (exact diagnosis not stated). 

7. Bondi; Arch. f. Verdauungskr., 1913, xix, 692. 

S. Einhorn: Deutsch. med. Wchnschr., 1910, x.xxvi, 1519; Jour. Am. Med. 
Assn., 1910, Iv, 6. 
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Junglians® reported results with the Einhorn duodenal bucket (not 
catheter). In his examinations of fifty cases he succeeded in obtain- 
ing duodenal juice in 60 per cent, of his efforts; in a single instance 
only, one of pancreatitis with fatty stools, the ferrrients were absent. 
V. Barth Wehrenalp’-” was less successful with the duodenal bucket, 
allowing only three hours for the passage of the bucket through the 
pylorus and into the duodenum. Junghans left the bucket in over 
night. Their results, however, practically coincide. 

Quantitative estimations of the pancreatic ferments were impos- 
sible on account of the small. amount of fluid obtained with the string 
and bucket method. 

Einhorn and Rosenbloom,^^ using for the first time the duodenal 
catheter and pump, found fairly constant strengths for the pancreatic 
ferments obtained; they were further able to demonstrate variations 
in the outflow of the pancreas, following injections of secretin, hydro- 
chloric acid, sodium bicarbonate, broths, etc. 

Crohn® reported on twenty-nine cases of various pathological dis- 
eases, and a study of a normal control. Constant figures for normal 
individuals and for persons not suffering from disease of the pancreas 
were obtained. A case of pancreatitis shov/ed marked diminution of 
the ferments. Hypertrophic cirrhosis of the liver showed overactivity 
of the enzymes ; in cases of diabetes mellitus the ferments were all 
present, amylase if anything, being exceedingly active. 

Hess,*- employing an ordinary soft rubber Ndaton catheter in 
children, demonstrated the presence of amylase, lipase and trypsin in 
the duodenal contents of new-born and older infants. Little difficulty 
was experienced in catheterizing the duodenum in a large series of 
cases. Hess asserts that in two cases of marasmus, paralytic hyper- 
secretion was found; in seven cases of pylorospasm a true functional 
pancreatic hypersecretion was noted. 

In a later paper, Hess*® reported duodenal catheterization on 
infants suffering from acute diseases. He again found all the ferments 
constantly present; trypsin was noted as the most reliable ferment. 
In thirteen cases of acute intestinal intoxication the ferments were 
normally present except lipase, which was definitely diminished. Hess 
suggests that this may account for the poor tolerance of fats in these 
conditions. 


9. Junghans: Zentralbl. f. d. ges. Physiol, u. Path. d. Stoffwechs., 1911, vi, . 

10. Von Barth Wehrenalp: Internat. Beitr. z. Path. u. Therap. d. BrnaH- 

rungsstdr ung., 1910, i, 530. imn • 

11. Einhorn and Rosenbloom: The Arrives Int. Med., 1910, vi, bOO. 

12. Hess : Am. Jour. Dis. Child., 1912, iv, 205. 

13. Hess: Am. Jour. Dis. Child., 1913, v, 268. 



STUDIES IN PANCREATIC DISEASE* 
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PART I.— DUODENAL CONTENT ANALYSES AS AN INDEX OF 
DISEASE, AND FUNCTIONAL ACTIVITY OF THE 

PANCREAS 

A reliable method for ascertaining the functional activity of the 
pancreas, has been eagerly sought for the last few decades, in fact 
since the time that Kuntzman, Richard Bright and Claude Bernard 
first called attention to this gland as a possible focus of disease. 

The large variety of tests offered, some ten to twenty in number, 
is in itself testimony to the fact that no one test has met the mark or 
has satisfied the rigorous requirements of both pathologist and clin- 
ician. These tests fall into three groups ; tests of the external secretion 
of the pancreas, usually carried out on the stool (Fuld-Gross), the 
urine (Wolgemuth), or gastric contents (Volhard oil test) ; tests of 
the internal secretion, consisting of tests for glycosuria, the Cammidge 
reaction, the Loewi pupillary dilatation test, etc. ; and finally metab- 
olism studies on the absorption of fat, nitrogen, etc., from the intes- 
tinal tract. 

A detailed criticism of these many tests at this moment would be 
a large task, and one requiring unnecessary repetition of most valu- 
able and thorough critical studies on the part of Frank,’- Albu,“ AVerz- 
berg,“ Gross, ^ and very recently, Sladden.® It becomes increasingly 
evident, as one peruses the literature on pancreatic diagnosis, that there 
is little uniformity of opinion as to the value of the tests suggested, 
and general dissatisfaction expressed with practically each of them, 
most authors suggesting that more than one of these tests be per- 

Submitted for publication Jan. 7, 1915. 

* From the Pathological Laboratory, Department of Physiological Chemistry, 
]Mt. Sinai Hospital. 

* I take pleasure in acknowledging valuable suggestions and assistance on 
the part of Dr. S. Bookman. I am indebted for autopsy material and micro- 
scopic studies to Dr. F. S. Mandlebaum and Dr. William Thalhimer, and to 
the attending physicians and surgeons of the hospital for the privilege of 
studying the clinical material. 

1. Frank; Arch. f. Verdauungskr., 1912, xviii, 121. 

2. Albu: Samml. Zwangloser Abhand. a. d. Gebiet. d. Verdauungskr. u. 
Stoft'wechselskr., 1911, iii, 1. 

3. Werzberg; Arch. f. Verdauungskr., 1911, xvii, 533. 

4. Gross: Ergebn. d. wissensch. Med., 1911, ii, 403. 

5. Sladden; Quart. Jour. Med., 1914, vii, 455. 
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formed and an opinion formed from a general average of the results 
obtained. 

It is difficult, for one not familiar with its intricacies, to appreciate 
how puzzling and complicated the problem is. Well authenticated 
cases are on record of the preservation of good health and nutrition 
with almost complete absence of the gland. On the other hand, severe 
nutritional disturbance and emaciation may be present in a gland with 
intact duct system and only a mild chronic inflammatory process taking 
place. Glycosuria as a symptom of pancreatic disease usually occurs 
late and with advanced destruction ; yet it may be present with what is 
to-day considered a gland free of organic disease. The question of 
disturbances of metabolism and food absorption is a more puzzling 
one, there being even to this day no uniformity of opinion as to whether 
the external secretion of the pancreas is a prerequisite to normal food 
absorption and digestion. 

The rapidly increasing knowledge of the importance of this organ 
both to the surgeon and the physician, and the realization of its fre- 
quent participation in diseases affecting the upper abdomen, have 
created a distinct demand for some reliable test that will give an indi- 
cation of what is taking place in this inaccessible and deeply placed 
region. 

Within the last four years several tubes or catheters have been 
devised for reaching the duodenum; these have afforded a means of 
aspirating the contents of this uppermost segment of the small intes- 
tine. As this novel means was quite evidently the most rational method 
of collecting for analysis the external secretion of the pancreas, it has 
been rather generally adopted. My own studies were begun four 
years ago, with the aim of demonstrating the presence of ferments -in 
the duodenum, and of using the quantitative analysis of the strength 
of these enzymes as an index of the functional activity of the gland. 
In a preliminary paper** the question of technic was fully considered 
and the results of the first twenty-seven cases reported. From such a 
small series of cases definite conclusions were not possible, but suffi- 
cient encouragement was found in the analyses made, to offer the 
probability of a permanently reliable method. Since that time a larger 
series of over 120 patients has been studied; this series includes several 
varieties of pancreatic disease; in these cases additional chemical tests 
in intestinal absorption have been performed. Necropsies have been 
performed in a number of them, and in these the valuable opportunity 
was offered for comparing the existence and strength of the external 
secretion and the absorptive ability of the intestine for fat and 

6. Crohn: Proc. Eighth Internat. Congress Applied Chem., 1912; Am. Jour. 
Med. Sc., 1913, c.xlv, 393. 


TABLE 1. — Analysis of Duodenal Contents and Disease of the Pancreas 
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GROUP B — CASES OF DIMINISHED FERMENTS WITHOUT ORGANIC CHANGES 

IN THE PANCREAS 

Cases 7 to lly inclusive 

Case 7 is one of cirrhosis of the liver with moderate jaundice, frequent 
stools and fever. Pancreatic disease was indicated by diminished ferments 
in the duodenal contents and poor intestinal absorption, as shown by meta- 
bolism studies. At the autopsy several days later, besides the cirrhosis of 
the liver, large swollen lymph-nodes were found clustered about the head of 
the pancreas; the pancreas itself was normal grossly and microscopically. 

It seems here that some obscure subacute inflammatory process, character- 
ized by lymphadenitis, had taken place in the upper abdomen, centered about 
the head of this gland. There was a loss in the stool of over SO per cent of 
the fat ingested; mechanical obstruction to the duct did not exist. In this 
case it must be presumed that the pancreas suffered from the disease going 
on about it; a functional disturbance is noted. 

Cases 8, 9 and 10 are examples of tumors in the epigastric region not involv- 
ing the pancreas, yet having an indirect effect on it by their presence, disturb- 
ing the functional activity of the pancreas. In twelve other cases of neoplasms 
situated variously in the body, this indirect disturbance of the pancreas was 
absent. 

Case 11 is one of Addison’s disease; the diminution in ferments is extreme, 
this being again an instance of disturbed function from severe disease else- 
where in the body. 

GROUP C — cases of NORMAL FERMENTS WITH DISEASE OF THE PANCREAS 

Cases 12 to 15j inclusive. 

Cases 12 and 13 are instances of carcinomata of the papilla of Vater which 
had caused temporary intermittent obstruction to the ducts and mild second- 
ary pancreatitis. At the time of the examination, ulceration of the tumor into 
the lumen of the intestine had allowed the escape of pancreatic secretion. The 
ferments were found in normal concentration in spite of the fact that moder- 
ate interlobular inflammation had occurred. The tumor itself, though infiltrat- 
ing slightly the head of the gland, caused no disturbance in its secretion; 
neither did the slight chronic inflammation give signs of decreased efficiency. 
These two cases contrast strongly with Cases 2 and 3, in which chronic inflam- 
mation of intra-acinar type caused real damage to the secreting parenchyma. 

Case 14 was one of cholelithiasis and subacute pancreatitis; though the 
head of the organ was swollen, the elaboration of ferments was in no way 
interfered with. 

Case 15 was one of tumor of the head of the pancreas not causing obstruc- 
tion of the ducts. In spite of its presence, the ferments were quite normal. 

GROUP D — CASES OF PANCREATIC NEOPLASMS WITH OBSTRUCTION OF THE DUCTS 

FERMENTS. ABSENT 

Cases 16 and 17 

There are cases of tumor obstruction of the duct of Wirsting with complete 
absence of the ferments in the duodenum. 

DEDUCTIONS 

The following deductions may be drawn from these cases : 

1. Most cases of pancreatitis present deficient external pancreatic 
secretion. 
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Ewald, Magnus Levy and Lazarus spoke favorably of the method, 
though having no personal experience with it. 

Oscar Gross'^ denounced the method as impracticable and danger- 
ous, as did also Kleinberger.^^ 

Frank^ reported that he succeeded in recovering duodenal contents 
in 14 out of 24 cases (60 per cent). Ferment findings were constant, 
though no exact quantitative estimations were attempted. In no case 
was blood ever aspirated. Frank asserts that where duodenal contents 
are obtained, one has absolutely the best criterion of the functional 
activity of the pancreas, particularly where quantitatively tested. 

G. A. Friedman’-’ obtained duodenal contents in all of eighteen 
cases ; marked variations in the quantitative strengths of the ferments 
prevented him from drawing deductions. 

In the last year four interesting reports have been published. 

Chace and Myers’® report on duodenal content examinations in 
thirty cases. No difficulty was encountered in obtaining the secretion 
in any of their cases. Active ferments were obtained in all instances, 
though considerable variation in the strength of these ferments was 
noted. In a case of hypertrophic liver cirrhosis the ferments were 
normal, as also in a case of pernicious anemia. In a case of chronic 
pancreatitis, enzymes, except for a trace of lipase, were absent from 
the duodenal contents. The variations in gastric acidity in no way 
influenced the strength of pancreatic enzymes. 

Bondi and Solomon” never failed to obtain bile and pancreatic fer- 
ments in over 100 cases. The strength of the ferments was fairly uni- 
form. In two clinically definite cases of chronic pancreatitis the 
ferments were absent. These are the only variations from the normal. 

Bondi,’ in a large series of cases, obtained duodenal contents in a 
fasting state, using water as a test meal. Large variations in the 
quantity of duodenal contents were found ; the ferment strengths, how- 
ever, are uniformly constant, variations in the three ferments being 
parallel. 

In three cases of cholelithiasis the ferments were diminished. In a 
case of diabetes the ferments were diminished. Blood was occasionally 
found, but no significance is laid on this point. 

In a recent paper by Einhorn,” twenty-four cases were studied. Of 
six cases of pancreatic lesions, four showed absence of one or two 
ferments ; in two cases of pancreatic tumor, the ferments were present. 
Cloudy, turbid bile indicates gall-bladder or duct disease, in his opinion. 

14. Kleinberger: Berl. klin. Wchnschr., 1909, xlvi, 2329. 

15. Friedman, G. A.: Med. Rec., New York, 1912, Ixxxi, 355. 

16. Chace and ^^Ij-ers: The Archives Ixt. Med., 1913, xii, 168. 

17. Bondi and Solomon: Wien. med. Wchnschr., 1913, Ixiii, 1722. 

IS. Einhorn: Am. Jour. Med. Sc., 1914, cxlviii, 490. 
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111 general, one may say from the literature, that the Einhorn 
duodenal tube is the instrument of choice in duodenal instrumentation. 
With increasing experience, better results, including quantitative esti- 
mations, are noted. Fairly uniform figures for ferment strengths are 
obtained by all the authors. Pancreatic disease is the only one in which 
serious deviations from the normal occur. 

REPORTS OF CASES 

In my present series, consisting of over 120 cases, 103 cases are 
regarded as presenting normal pancreatic function ; these include many 
pathological conditions; gastric lesions, benign and malignant, achylia 
gastrica, organic syphilis, exophthalmic goiter, secondary and primary 
anemias, malignant growths of various organs, diabetes mellitus, etc. 
As there is general uniformity of the ferment strengths in all these 
conditions, it is unnecessary to tabulate each of them separately. 

Of the remaining seventeen cases, six presented complete absence 
of ferments in the duodenum ; these are all cases of neoplastic obstruc- 
tion of the ducts. The eleven other cases represent the instances of 
diminished pancreatic ferments, due to organic or functional pancreatic 
disturbance. By comparing the chemical findings of the duodenum 
with the clinical, operative and, where possible, necropsy data, we will 
be in a position to ascertain to what extent the results of analysis of 
duodenal ferments correspond to disease of the pancreas. 

The cases may more favorably be divided into groups and sepa- 
rately discussed (Table 1). 


GROUP A — CASES OF DIMINUTION OF FERMENTS ACCOMPANYING ORGANIC 

PANCREATIC DISEASE 

Cases 1 to 6, inclusive. 

Case 1. — Acute suppurative pancreatitis, abscess of body and tail of pan- 
creas. Note the marked diminution of ferments, trypsin and amylase being 
entirely absent. 

Cases 2 and 3. — These are both examples of combined chronic interlobular 
and intralobular pancreatitis. Both cases show markedly diminished ferments. 
Both cases at autopsy presented diffuse chronic inflammation of the gland, 
the cirrhotic tissue infiltrating about and also within the acini. In Case 3, 
there was, in addition, a small infiltrating carcinoma beginning about the bile 
duct, but not occluding the pancreatic passages. 

Case 4. — ^This is one of primary chronic pancreatitis, characterized by jaun- 
dice and abdominal pain. At operation, the head of the gland was markedly 
swollen ; no stones were found. The duodenal ferments were only moder- 
ately diminished. The patient recovered after cholecystenterostomy. 

Cases S and 6. — ^These are two illustrations of pancreatitis occurring as 
a complication of gall-stones. Both cases at operation presented cholelithiasis 
and an enlarged swollen head of the pancreas. Duodenal ferments, m both 
instances, were definitely diminished. 
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Sparing the inner secretory portion of the acini. In all four instances 
there were ample secretory cells intact, showing the definite zymogenic 
granulation of actively secreting cells. 

There is therefore in general, a proportion between the anatomical 
condition and amount of surviving parenchyma on the one hand, and 
the enzyme activity of the external secretion on the other. The depres- 
sion of ferments in cases of primary intralobular pancreatitis is dis- 
tinctly greater than in those of interlobular inflammation secondary to 
duct obstruction or inflammation. From this it would seem probable 
that intralobular pancreatitis is a primary degeneration of the secreting 
cells, and that the connective tissue increase is only a replacement 
fibrosis. Interlobular pancreatitis is a connective tissue proliferation, 
dependent on excretory duct obstruction, inflammation, or vascular 
changes. The loss of secreting acini and cells is here the sequel of the 
duct disease. 

SUMMARY 

From the analysis of the external pancreatic secretion obtained by 
duodenal aspiration, we may say that: 

1. Pancreatitis, particularly of the acute inflammatory, or of the 
chronic intra-acinar type, evidences itself by diminished ferments. 

2. Severe abdominal disease may cause a functional hyposecretion 
of the pancreas. 

3. Some cases of pancreatic disease, not associated with wide- 
spread destruction of the parenchyma, continue to furnish a secretion 
of normal enzyme activity. 

4. A general gross proportion exists between the amount of sur- 
viving parenchyma and the ferment strength of the duodenal contents. 

PART IL— OBSERVATIONS ON FAT AND NITROGEN METABOLISM 
IN DISEASES OF THE PANCREAS 

Intimately associated with the question of the entry into the duo- 
denum of the external secretion of the pancreas and the variations in 
enzyme strength in health and disease, is the subject of the influence of 
the pancreatic juice on the general metabolism, or in a more restricted 
sense, on the fat and nitrogen absorption from the intestine. For both 
animal metabolism studies and absorption observations in human pan- 
creatic disease have failed to present satisfactory or acceptable conclu- 
sions on the simple issue, “Is the external secretion of the pancreas 
essential to good intestinal absorption ?” 

The failure to solve this problem seems to have rested on the 
inability to demonstrate conclusively in every instance, experimental 
and human, that the pancreatic secretion was entirely cut off from the 
intestine when the observer claimed it to be. Where good absorption 
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was retained after tying off ducts, the critic drew the inference that 
some accessory duct had been overlooked. Where the same occurrence 
took place in a clinical case, the diagnosis of the disease was questioned, 
or doubt was expressed that the pancreatic duct or ducts were entirely 
closed by the pathological process at the time of the metabolism study, 
the necropsy being held several weeks or months later. 

The demonstration of the non-patency of the duct at the time of the 
experiment, has usually rested on the absence of trypsin in the feces, 
but as has been previously stated, this evidence is untrustworthy. 

In the duodenal tube one has an. undoubted method of obtaining the 
contents of the duodenum and of definitely determining both the state 
of patency of the ducts and the activity of the pancreatic outflow. With 
these data at hand, absorption experiments could simultaneously be 
carried on. If, in addition, the organic condition of the gland was 
ascertainable, we would be in possession of all the data necessary to 
demonstrate the effect of exclusion of or variations in, the external 
secretion of the gland on fat and nitrogen metabolism. This fortunate 
combination of data I have been able to obtain in several cases of 
human pancreatic disease; absorption experiments and enzyme studies 
v/ere prosecuted hand in hand; autopsy and pathological reports are 
furnished in most instances. 

Before recounting in detail my own results, let us review in brief 
the extensive and conflicting literature on the subject: 


EXPERIMENTAL ANIMAL METABOLISM 

The earliest experiments of Claude Bernard^^ consisted of injecting 
irritating substances into the excretory ducts of the dog’s pancreas. 
By them he established the function of the gland in supplying enzymes 
to assist in the digestion of food substances. As a result of his experi- 
ments, several attempts were made to tie the ducts and note the effect 
on digestion and absorption; no definite results were obtained. Paw- 
low^® noted the retention of good absorption even after the ducts were 
tied, and in the presence of atrophy of the gland. Von Mering and 
Minkowski”® and MinkowskP^ alone, conducted a series of interesting 
experiments establishing the fact that excision of the gland led to 
diabetes and almost complete loss of the ability to absorb food from the 
intestine. • Abelmann,^® working under Minkowski, showed that, after 


24. Bernard, Claude: Memories sur le pancreas, 1856. r r, t 

25. Pawlow: Quoted from Oser, in Nothnagel’s Encyclopedia of Practica 

Medicine, 1903. , , , ,qoq 

26. Von Mering- and Minkowski; Arch, exper. Path. u. Pharmakol., 1899, 

xxvi, 371. 

27. Minkowski: Arch, exper. u. Pharmakol., 1905, lin, 331. 

28. Abelmann: Ausnutzung der Nahrungstoffe nach Pankreas-Extirpation. 

Dorpat, 1890. 
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2. Severe disease in a neighboring abdominal organ may cause 
diminution of the functional activity of the pancreas. 

3. Mild interlobular pancreatitis may exist without diminishing the 
strength of the external secretion. This is in contrast with intra-acinar 
inflammation, which causes severe depression of functional activity. 

4. Pancreatic new growths, which do not obstruct the duct, do not 
necessarily cause diminished secretary power. 

The first conclusion, that diminished ferments accompany most 
instances of organic disease, is a logical one and is fully substantiated 
by the six instances quoted. Some confirmation can be found in the 
literature. Thus Junghans*’ found in a case of pancreatitis with fatty 
stools, absence of the ferments in the duodenum. Bondi and Solo- 
mon,^' in two cases of pancreatitis, found identical results. Einhorn,^® 
in six cases of pancreatic lesions, noted constant diminution of one or 
more ferments in the duodenal contents. Similar findings have fre- 
quently been noted in the ferment analysis of stools, by Orlowski,^” 
Gross,'^ Lifschiitz-" and others. Matko-^ even goes so far as to describe 
functional hyperchylia, hypochylia and complete achylia pancreatica, 
on the basis of variations in the tryptic content of the stools. 

Unfortunately, the stool analyses for ferments are entirely unre- 
liable; this has been demonstrated by Pratt,-- who, in four normal 
individuals, was unable to demonstrate trypsin; also by Tileston,-^ who 
seven different times examined in vain the feces of a normal individual, 
not being able to find a trace of trypsin. My own results previously 
published® also demonstrate the unreliability of stool ferment tests as 
an index of pancreatic functional activity. I there mentioned several 
instances of normal ferments in the duodenum, but with no trace of 
enzymes to be noted in the stool. This conclusively proves that, with 
an open duct and normal pancreatic secretion, the stools may still fail 
to show ferments. 

The examination of ferments in the duodenal contents remains as 
the one reliable means of ascertaining the strength of the pancreatic 
ferments. 

The second conclusion, that diminished enzymes in the pancreatic 
secretion may occur with severe disease elsewhere than in the pancreas, 
is a novel, yet not an unnatural one. For gastric acidity and the gastric 
ferments similarly with severe disease elsewhere in the body, as 
in pernicious anemia or carcinomatosis. Addison’s disease, melanotic 

19. Orlowski: Ztschr. klin. Med., 1912, lx.xvi, 460. 

20. Lifschiitz: Arch. f. Verdauungskr., 1913, xix, 562. 

21. ^Matko; Arch. f. Verdauungskr., 1913, xix, 663. 

22. Pratt: Am. Jour. }iled. Sc., 1912, cxiiii, 314. 

23. Tileston: Trans. Assn. Am. Phys., 1911, xxvi, 513; The .Archives I.vt. 
Med., 1912, ix, 525. 
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sarcoma and general carcinoma are examples, in my series, of func- 
tional depression of pancreatic enzymes. Sladden,® in his excellent 
critical review of the diagnosis of pancreatic lesions, calls attention to 
the interdependence of the pancreas on other surrounding organs and 
observes that it is frequently affected by their diseases. Frank^ noted 
a case of peritoneal tuberculosis in which a similar diminution of 
duodenal enzymes took place. It should not be gathered from these 
remarks, however, that this consecutive depression of ferments takes 
place often enough to be an important factor. It is an extremely 
unusual occurrence. In eighteen cases of abdominal carcinoma it was 
noted only three times (16 per cent.) ; it w^as seen altogether five times 
in over 120 cases of various diseases. 

We may really say that diminution of ferments speaks strongly in 
favor of pancreatic disease ; rarely the presence of severe disease else- 
where in the body may cause a similar finding. This latter fact is at 
present of more scientific interest than practical value, as it has not 
yet occurred where the diagnosis of a pancreatic lesion was at issue, 
but always as an accidental finding while studying large groups of 
diseases for possible points of interest. 

The third conclusion, that pancreatitis, particularly of the chronic 
interlobular form, may exist without any change in the ferments, is 
merely corroboration of the fact that not every disturbance of this 
organ affects its external secretion, or is sufficiently advanced or 
destructive to cause damage. Clinical experience teaches that a small 
remnant of functionating gland may preserve metabolism as normally 
as the whole gland. A similar process of reasoning will explain the 
existence of normal ferments in the presence of moderately advanced 
disease, as in case of localized tumor at the head of the pancreas with- 
out diminution of the ferments. In this case the duct system was 
patent. Einhorn^® had two similar instances in his series. 

By comparing the enzyme activity of the external secretion in each 
case with the necropsy findings, a certain relation is noted between the 
amount of pancreatic tissue destroyed and the diminution of ferments 
in the duodenal contents. In Case 1, one of diffuse suppurative pan- 
creatitis with destruction of about five-sixths of the gland tissue, only 
the faintest trace of ferment remains. In the two cases of chronic 
intra-acinar pancreatitis, the ferments were moderately diminished; 
microscopically, a diffuse intra-acinar and interacinar cirrhosis was 
seen, but a large amount of parenchyma was intact. 

In the two cases of temporary obstruction of the excretory ducts 
by localized neoplasms with secondary pancreatitis of the inter-acinar 
type, the cirrhosis was slight; the ferments were normal. In these 
cases the connective tissue surrounded the lobules in larger areas. 
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Pratt, Lamson and Marks^® seemed definitely to find in five dogs, 
deficient absorption of fat and nitrogen on ligation of all the ducts and 
insertion of omentum between the cut ends, nitrogen loss rising to 
77.8 per cent., and fat loss to 88.7 to 95.2 per cent. 

Benedict and Pratt,'^'^ feeding only meat to dogs with tied ducts, 
found nitrogen losses of 32.1 to 57.7 per cent. 

It is most difficult to hamjonize the various findings of these many 
investigators. One explanation alone will satisfy all the requirements : 
immediately on tying the ducts in animals, atrophy of the gland takes 
place. If all of the ducts are not ligated the atrophy does not occur. 
After ligature of the ducts, the resulting disturbance of absorption is 
dependent on the extent of atrophy resulting. When the atrophy is 
slight, the absorption remains good; when the gland deterioration is 
rapid, intestinal absorption is seriously altered. The experiments of 
Brugsch, Lombroso, Fleckseder and others are difficult to deny, and 
point definitely to the control of the absorptive processes by a hormone 
or internal secretion of the pancreas, and to a lesser degree to the direct 
action of the external secretion. Compensatory overactivity of gastric 
enzymes, intestinal erepsin, biliary lipase, etc., cannot explain the reten- 
tion of good absorption with artificially obstructed ducts. Nor is the 
question answered by suggesting that the ferments are absorbed into 
the blood from the stagnant contents of the obstructed ducts, and 
reexcreted through the intestinal wall, for no increase or even main- 
tenance of the usual ferments in the lumen of the intestine has ever 
been demonstrated. 

OliSEEVATIONS ON ABSORPTION EXPERIMENTS IN HUMAN PANCRE.\TIC 

DISEASE 

Even less conclusive are the results of absorption experiments in 
persons suffering’ from disease of this gland.^^ 

Disturbances of fat metabolism in diseases of the pancreas were 
first observed by Kuntzman,'^' and independently by Richard Bright.*' 
The latter’s own words best describe the symptom of “fatty stool.” 

43. Pratt, Lamson and Marks: Tr. Assn. Am. Phys., 1909, x.xiv, 266. 

44. Benedict and Pratt: Jour. Biol. Chem., 1913, xv, 1. 

45. In studying fat and nitrogen metabolism in pancreatic disease, it is essen- 
tial to restrict oneself to cases in which the intake of food was carefully 
analyzed, as well as the output of feces. Only in this 'way can conclusions 
be reached, since analyses merely of stools, or general observations on the 
character, number, or consistency of the movements, without taking into con- 
sideration the nutritive value of the diet, are fallacious. 

46. Kuntzmann: Jour. d. Pract. Heilk., 1824, lix, 45. 

47. Bright, Richard: Ziledico-Chirurg. Trans., 1833, xviii, 1. 
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The condition to which I refer is a peculiar condition of the alvine evacua- 
tion, a portion more or less considerable assuming the character of an oily 
substance resembling fat, which either passes separately from the bowel, or 
soon divides itself from the general mass and lies on the surface, sometimes 
forming a thick crust, particularly about the edges of the vessel [steatorrhea]. 

The inconstancy of the symptom and the impossibility of harmon- 
izing it with the pathological conditions were immediately recognized 
by Bright. For the symptom was present in three cases of carcinoma 
of the duodenum and head of the pancreas, but was absent in a case of 
cancer of the pancreas and duodenum in which the ducts were 
obstructed; also absent in two cases of cancer actually invading the 
gland, in one of which cases the duct was blocked at the head and 
enormously dilated. 

Some years later Fles^® made his remarkable observation on the 
large amount of muscle fibers remaining in the feces in patients suffer- 
ing from pancreatic disease and tlarley^^ and Le Nobel, and Abel- 
mann^*' noted in animals the increase in nitrogen excretion in similar 
diseases (azotorrhea). 

Clinical observations in the next decades were numerous, but threw 
no further light on the interesting symptoms. Stimulated by the care- 
ful animal experiments of von Mering and Minkowski, accurate chem- 
ical observations were begun in 1895 ; since then the reports of carefully 
analyzed cases, while numerous, yet do not number more than forty 
examples. 

To avoid monotonous repetition, the cases in the literature are 
classified and presented in Tables 2, 3 and 4: 


TABLE 2. — Fat and Nitrogen Excretion with Closed Pancreatic Duct 


Author 

Fat 

Excretion,* 
Per Cent. 

Nitrogen 
Excretion,* 
Per Cent. 

Brugsch^" ' 

70 

25.4 

Harley’^ (inflammatory stricture) 

73 

40.0 

Pratt" ^ 

58.9 

50.9 

Peripancreatic cyst, Delfino’" 

19.7 


Pancreatic abscess, Umber and Brugsch^’ 

59.7 



* Represents per cent, of ingested fat or nitrogen, which was excreted. 


4S. Fles; Holland Arch., 1864, ii, 187 (quoted from Robson and Cammidge, 
“The Pancreas, Its Surgery and Pathology,” 1907). 

49. Le Nobel: Jahresb. u. d. Fortschr. d. Thierchem. (Maly’s), 1886, p. 44y. 
72. Delfino: Deutsche Ztschr. f. Chir., 1913, cxxi, 280. 
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total extirpation of the pancreas, fat absorption was nil, while nitrogen 
absorption varied from 30 to 80 per cent. After partial extirpation, 
absorption was much better (fat 31.5 per cent., emulsified fat fmilk] 
up to 80 per cent.). Sandmeyer’s"® results with partial extirpation are 
similar to those of Abelmann. Hedon and Ville^° demonstrated that, 
with a biliary fistula alone, the loss of lard in the feces was 55 per cent.; 
after biliary fistula and partial pancreatectomy the loss of fat rose to 
90 per cent. Harley^^ extirpated all but about one-tenth of the tail. 
The loss of fat was 62.1 per cent, of nitrogen 82 per cent. Rosen- 
berg,^- on the contrary, found no disturbance of absorption when as 
little as one quarter of the gland was preserved. He succeeded in 
causing atrophy of the gland by cutting all the ducts, arteries and veins 
leading to it (except the main pancreaticoduodenal vessels), yet noted 
little disturbance of metabolism, though the atrophy was advanced. 
Zunz and Mayer^^ found little disturbance of absorption after tying the 
ducts, though atrophy resulted. When the atrophic remnant of gland 
was removed, however, complete loss of the power to absorb was noted. 

Lombroso^^ made a complete study of thi.s question with the follow- 
ing results : 

1. After simple ligature of the ducts, fat excretion was 14 to 
44 per cent. 

2. After extirpation of most of the gland and transplantation of a 
viable fragment under the skin, fat excretion was 22 to 54 per cent. 

3. Ligation of ducts, extirpation of atrophied remnant some weeks 
later, fat excretion 40, 99 and 113 per cent., respectively, in each of 
three dogs. 

4. In a dog with a viable subcutaneous transplant, the transplant 
was extirpated. Fat excretion rose rapidly to 97.8, 105 and 96.6 per 
cent. 

5. Wherever the surviving graft was well preserv^ed, good absorp- 
tion exi.sted, though no ferments were entering the intestine. Lonibroso 
suggested the possibility that the maintenance of good absorption, as 
long as some living pancreas existed somewhere in the body, was due 
to the vicarious absorption of the enzymes and resecretion of them 
through the bile into the intestinal tract. Yet he was never able to 
demonstrate increased ferments in the bile of such dogs, nor active 

29. Sandmeyer; Ztschr. f. Biol., 1894, xxxi, 12. 

30. Hedon and Ville : Compte rend. Soc. de biol., 1892, p. 308. 

31. Hade}’: Jour. Path, and Bacteriol., 1895, iii, 245. 

32. Rosenberg: .Ardi. f. d. ges. Physiol. (Pfluger’s), 1898, Ixx, 371. 

33. Zunz and Mayer: Ref. Jahresb. u. d. Fortschr. d. Thiercheni. (!Maly’s), 
1905, XXXV, 489. 

34. Loinbroso: .Arch. f. d. ges. Physiol. (Pfluger’s), 1906, cxii, 531. 
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ferments in the intestine of dogs with ligated ducts. Nor was he able 
to improve the absorption of food by feeding duodenal juice of' healthy 
animals to a dog with extirpated gland. . 

This painstaking work, as well as all that had gone before it, was 
criticized by Hess^^ and his pupil Sinn,^® who pointed out that the pan- 
creas of the dog contained more than one excretory passage, usually 
three or four ; they said that Lombroso’s results were due to his having 
failed to tie off all the ducts in his animals. In two dogs in which Hess 
tied the ducts he found excretion of fat, 46 per cent, and 95.3 per cent. 

Lombroso®’' therefore repeated his experiments and arrived at sub- 
stantially the same results. He further found that when a Pawlow 
permanent fistula was made and all the ferments excluded from the 
intestine, it made no difference in absorption whether the dog licked 
the outflow of the fistula or not; he concluded that intestinal absorption 
is independent of the external secretion, but is controlled by a ferment 
poured internally into the blood. 

. BurkhardP® duplicated Lombroso’s experiments and came to dia- 
metrically opposite conclusions. When the dog licked the outflow of 
the fistula, absorption improved; when it was allowed to go to waste, 
absorption suffered. 

Fleckseder^® repeated these experiments with results similar to 
those of Lombroso, as did also Niemann.'*® In one of -the dogs in which 
Niemann tied the duct and yet noted good absorption, he examined the 
duodenum for ferments, at death, but found none, proving that the 
duct was closed. 

Jansen^*^ demonstrated fair absorption of fats when an external pan- 
creatic fistula existed ; on removal of the graft piece by piece, the loss 
of fat increased rapidly up to 73.3 per cent. 

Brugsch^" in careful studies denied that absorption was dependent 
on the external secretion of the gland. He found but slight disturbance 
on tying the ducts, yet he also could demonstrate no ferments in the 
duodenum. Pie presumed the presence of an internal secretion or hor- 
mone which regulated absorption ; he further attributed part of the loss 
to delayed motility in the intestine. 

Still later work, however, again brings into doubt the conclusions 

of these various authors. 

35. Hess: Arch. f. d. ges. Physiol. (Pfluger’s), 1907, cxviii, 536. 

36. Sinn : Dissert. Marburg, 1907, p. 29. 

37. Lombroso; Arch. f. exper. Path. u. Therap., 1908-9, lx, 99. 

38. Burckhardt: Arch. f. exper. Path. u. Pharmakol.,_ 1908, Ivni, -St. 

39. Fleckseder: Arch. f. exper. u. Pharmakol., 1909, hx, 407. 

40. Niemann: Ztschr. f. exper. Path. u. Therap., 1909, v, 466. 

41. Jansen: Ztschr. f. physiol. Chem., 1911, Ixxii, 158. ^ 

42. Brugsch: Ztschr. f. exper. Path. u. Therap., 1909, vi, 3-6. 
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TABLE 3. — ^Fat and Nitrogen Excretion in Chronic Pancreatitis 


Author 

Jaun- 

dice 

Present 

Fat 

Excretion,* 
Per Cent. 

Nitrogen 
Excretion,* 
Per Cent. 

Weintraud” (hepatic cirrhosis?).. 

0 


46 

Weintraud^ ^ (atrophy of pancreas) 

I 0 


45 

Salomon” 

i + 


69 

Glaessner and Sigel®^ 

! 0 

56.1 

41.5 

Brugsch and Koenig^* 

+ 

59 


Gigon” (calculus cirrhosis) 

1 0 

20.5 

43 

Hirschfeld“'' (six cases) 

0 

29.4-472 

30.4 

Keuthe” (calculi, atrophy) 

Ehrmann^ ^ (after cholecystenter- 

0 

9.8 


ostomy) 

0 

50.1 

42.8 

Tileston'® 

0 

72 

62 

Barbour’® (calculi) 

0 

1 

44.2 

0. Gross’^ 

0 

55.4 

50.8 

0. Gross (calculi, atrophy) 

Ehrmann and Kriispe” (cholecyst- 

0 

26.2 

31 

enterostomy) 

0 

33.3 

34 


*Per cent ingested fat or nitrogen. 


TABLE 4. — Fat and Nitrogen Excretion with Tumors of Pancreas 


Author 

1 

Obstruc- 

tive 

Jaundice 

Pat 

Excretion,* 
Per Cent. 

Nitrogen 
Excretion,* 
Per Cent. 

Deucher^* j 

Slight 

83 

30 

Deucher’® (cholecystenterostomy) . 

0 

52.6 

19 

Brugsch*" 

+ 

85 

39 

Brugsch*® 


64 

20 

E. Meyer’® (carcinoma of head)... i 

+ 

38 

34-41 

Adler and Milchner®® 

1 

18 


Wynhausen®® 

73.6 

32.9 

Brugsch®’ (ducts closed) 

+ 

60 

36 

Albu" (cancer and atrophy) i 

-f 

79 


Tileston®® 

-1- 

75.6 

19.8 

Tileston®® 

-F 

68 


Tileston^^ 

-f 

52.6 

14.5 

Tileston®® 

-f 

45.6 

21.1 

Tileston®® 


49.1 


Pratt®® 

0 

79.9 

34.8 


* Per cent, of ingested fat or nitrogen. 


73. Weintraud : Die Heilkunde, 1898, iii, 67. 

74. Brugsch and Konig: Berl. klin. Wchnschr., 1905, xlii, 1605. 

75. Gigon: Ztschr. f. klin. Med., 1907, Ixiii, 420. 
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Before critically analyzing these tabulations, it is essential again to 
recall that in most of the cases no mention is made of the patency of 
the pancreatic duct; further, many of the cases were not observed at 
autopsy, the clinical diagnosis alone determining the nature of the 
malady. Even autopsy descriptions often fail to detail the condition 
of the gland, and microscopic studies are very rare. 

From these tables, however, we may note the following general 
averages : 

Simple closure of the pancreatic duct, nitrogen loss, 38.8 per cent. ; fat loss, 
67.3 per cent. ; acute pancreatitis abscess, nitrogen loss, 21 per cent. ; fat loss, 
59.7 per cent. ; chronic pancreatitis, nitrogen loss, 46.3 per cent. ; fat loss, 39.3 
per cent. ; tumors of pancreas, nitrogen loss, 28.6 per cent. ; fat loss, 62.3 per 
cent. ; pancreatic cyst, fat loss, 19.7 per cent. The figures for the normal excre-, 
tion of fat and nitrogen, as given by Schmidt arid Strassburger°“ are, nitrogen, 
4 to 6 per cent.; fat, 12 to 16 per cent. In simple obstructive jaundice, the fat 
excretion increases to 20 to 30 per cent.; nitrogen absorption is practically 
unaffected. 

Conclusions from these tables of absorption tests in man are most 
difficult, for all the cases were instances of advanced disease of the 
gland, sometimes associated with closure of the duct, and always with 
advanced disorganization of the parenchyma. Early examples of the 
disease and mild cases do not appear, as the clinical diagnosis in such 
cases before the appearance of the typical stool changes is never made. 

From Table 5 we observe that simple benign cyst of the pancreas 
causes little disturbance of absorption; acute, and chronic pancreatitis 
give rise to moderately severe disturbance, the nitrogen excretion rising 
to 21 to 46.3 per cent., and fat excretion to 39.3 to 59.7 per cent. 
Malignant neoplasms demonstrate a higher fat loss amounting to an 
average of 62.3 per cent., individual variations ranging from 30 to 
S3 per cent. 

To the tabulated instances in the literature, I am able to add seven 
examples of careful absorption experiments in diseases of the pancreas. 
In all of these cases, duodenal contents obtained at the moment of the 
chemical studies, definitely determined the patency or non-patency of 
the pancreatic and bile ducts, as also the condition of the pancreatic 
external secretion. Careful autopsy studies accompany many of the 
cases. 

TECHNIC 

As an index of pancreatic metabolism, fat and nitrogen absorption 
tests were chosen. Though Fr. Mulier“^ held that the poor absorption 
of these substances was due to poor digestion and preparation of the 
food in the intestine, as evidenced by diminished saponification, later 
observers have not confirmed this contention. Brugsch’*® experimenta y 

50. Schmidt and Strassburger : Die Feces des_ Menschen, Berlin, 1905. 

51. Muller, Fr. : Ztschr. f. klin. Med., 1887, xn, 45. 
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demonstrated normal protein digestion and amino-acid formation in 
dogs with ligated ducts, and numerous clinical observers have fre- 
quently shown normal fat splitting and saponification in the intestine of 
human instances of pancreatic diseases (Tileston,-® Pratt^‘ and others). 
In later years, therefore, most workers have limited themselves to 
ascertaining absorption of food products; the claim of Bondi and 
Bondi,^“ that epithelial degeneration took place in the mucosa of the 
intestinal tract has found no confirmation and few believers. Nor will 
interference with intestinal and gastric motility account for the symp- 
tom of disturbed nutritional equilibrium as suggested by von Noorden®^ 
and by Brugsch.^- 

The diet employed for absorption experiments consisted of the following; 
Milk, 1,500 to 2,000 c.c. a day; eggs, three a day; bread, 100 gm. daily; cereal, 
100 to 200 gm. ; meat, about 50 gm., with fat, daily; water, normal amounts. 
The diet was varied in amount to suit individual requirements, some patients 
being unable to eat all that was tendered to them; however, when possible, 
uniformity in the amount and character of the food was preserved. The diet 
has a daily equivalent of about 120 gm. of fat, and 15 gm. of nitrogen. Gross®* 
has shown that absorption varies very little with the quantity of food given, 
practically the same percentage of fat and nitrogen being absorbed with large 
variations in the food intake. 

The absorption test was begun by the administration to the patient of a 
low saline enema, the return of which was discarded. The designated diet 
was then begun, a complete duplicate diet being sent to the laboratory for 
analysis. The diet and the collection of specimens of the stool were continued 
for two days, at the end of which period another enema was given. This enema 
was added to the collection of feces, the whole being sent to the laboratory. 
On receipt in the laboratory, macroscopic and microscopic examinations were 
made on the stool ; the food, after the addition of alcohol, was dried to approxi- 
mately constant weight over the water-bath. The stool was similarly dried; 
both feces and food were then ground in a mortar and pulverized. When 
the stool was too oleaginous for grinding it was first frozen, then ground. 
Nitrogen values were ascertained by means of the Kjeldahl process; fat by the 
Kumagawa-Suto“ method. 

In most of the cases in this series, one or two intestinal movements 
a day was the rule; more frequent evacuations were very exceptional. 
In no case was organic intestinal disease present, nor was intestinal or 
abdominal tuberculosis a factor. Both these latter conditions have been 
demonstrated by Fr. Miiller^^ to cause disturbed absorption. Jaundice 
was present in most of my, cases, usually a complete obstruction of the 
bile duct. To establish definitely a figure for absorption in cases of 
complete biliary obstruction, a preliminary test was carried out on a 
case of carcinoma of the bile duct with total occlusion of bile, but with 

52. Bondi, S., and Bondi, J. : Ztschr. f. exper. Path. u. Therap., 1909, vi, 254. 

53. Von Noorden: Handb. d. Path. d. Stoffwechsel., 1906. 

54. Gross, O.: Deutsch. Arch. f. klin. Med., 1912, cvii, 106. 

55. Kumagawa-Suto : Biochem. Ztschr., 1908, viii, 252. 
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•normal pancreatic function and demonstrated by the duodenal tube. 
The excretion of fat was 32 per cent. ; of nitrogen 6.6 per cent. This 
may be accepted as a control figure for a case of complete acholia. The 
difference between this figure and higher figures in the following series, 
would represent the pancreatic factor. 

The results of the absorption tests on my series of pancreatic dis- 
eases is as shown in Table 5 : , 


TABLE 5 . — ^Absorption Tests * 





Duodenal 

Intake 

Output 




Contents 





Case 

Diagnosis 

J aundice 








Fer- 


Nitro- 


Nitro- 







Bile 

ments 

Fat 

gen 

Fat 

gen 

1. A.B. 

Acute pancreatitis; 

Slight 

+ 

Very 

101 

* • • • 

9.5 { 9.4%) 



abscess 



weak 






Group 2 








2. S. R. 

Chronic pancreat- 

Marked 

0 

Weak 

71.3 

22.18 

24.7(34.7%) 

3.6(16.4%) 


itis, intralobular ! 



i 




3. A.B. 

Chronic pancreat- i 
itis, cholelithiasis 

Absent 

1 

1 

+ 1 

Normal 

240.0 

1 

30.0 

13.8 ( 5.6%) 

1.8( 6 %) 


Group 3 

1 

i 

1 


1 



3.4(18.7%) 

4. R.K. 

Hepatic cirrhosis ; 
abdominal adenitis 

Moderate 

+ : 

Weak 

118 

18 

57.6(51.3%) 


5. M. P. 

Addison's disease.. 

1 

Absent 

+ 

Very 

weak 

71.3 

• • • • 

1 

18.7(26.2%) 

i 


Group 4 






35 (28.2%) 

2.2 (11%) 

6. M.D. 

Carcinoma of pan* 

Intense 

0 

Absent 

124 

20.1 


creas 






48.4(60 %) 

1.86 (15%) 

7. L. IC. 

Carcinoma of pan- 

Intense 

0 

Absent 

80.9 

11.8 


creas 









*This table is a rearrangement of the cases in Table 1. 


Group 1. Fat absorption studies in a case of acute suppurative pan- 
creatitis with severe diminution of all the ferments (very slight jaun- 
dice) demonstrated that on an intake of 101 gm. of fat, 9.5 gm., or 
9.4 per cent., were excreted from the bowel. Of the excreted fat, 
42 per cent, was neutral, 58 per cent, was split (fatty acids and soaps). 

At the necropsy the body and tail of the gland were found to be 
entirely destroyed, only the head and a small portion about the duo- 
denum being preserved. The duct of Wirsung was patent. 

In this case, in .spite of marked destruction of the gland, and exten- 
sive diminution of the ferments in the external secretion, the absorption 
of fat was excellent, thereby demonstrating that a small portion of 
intact pancreas can .maintain absorption equilibrium, even> when the 
enzymes excreted into, the intestine are markedly diminished. In the 
stool no evidence of neutral fat was observed. . . 
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Group 2 comprises two cases of chronic pancreatitis (Cases 2 and 
3, Table 5). Case 2 is one of moderately severe intralobular inflamma- 
tion, causing, in addition, stricture of the bile duct (duodenal tube and 
necropsy). At the time of the test the ferments were markedly dimin- 
ished, and bile was absent. The stools contained a few neutral fat 
globules and undigested muscle fibers. Absorption experiments demon- 
strated that on an intake of 71.3 gm. of fat and 22.18 gm. nitrogen, 
there was a fecal loss of 34.7 per cent, fat, and 16.4 per cent, of the 
ingested nitrogen. 

Case 3 was one of mild pancreatitis with swelling of the head of the 
gland as shown at the operation. At the time of the metabolism test 
the duodenal tube demonstrated normal enzymes and normal quantity 
of bile. On an intake of 240 gm. of fat and 30 gm. nitrogen there was 
an excretion of 5.6 per cent, fat and 6 per cent, nitrogen; in other 
words, normal conditions. 

Group 3 entails the discussion of two cases of functional depression 
of the pancreas caused by severe disease elsewhere in the body (Cases 4 
and 5, Table 5). Both cases showed diminution in the enzyme activity 
of the duodenal contents ; normal amounts of bile were entering the 
intestine. 

Case 4 was one of cirrhosis of the liver with abdominal lymph- 
;idenitis ; the parenchyma of the gland was m.icroscopically and macro- 
scopically normal. Absorption tests demonstrated that on an intake of 
118 gm. fat and 18 gm. nitrogen there was an excretion of 51.3 per 
cent, fat and 18.7 per cent, nitrogen. 

Case 5 was one of Addison’s disease (clinical diagnosis). At the 
time of the test, duodenal ferments were definitely diminished; bile 
was abundant. On an intake of 71.3 gm. fat, 26.2 per cent, was 
excreted. 

These two cases demonstrate that functional depression of the 
pancreas causes definite and marked interference with the absorption 
of food, and this, too, be it remembered, without evidence of organic 
disease of the secretory cells. 

Group 4 comprises two cases of complete obstruction of the pan- 
creatic duct by neoplasms. Complete biliary occlusion existed in both 
instances. Case 6 was observed in the first week of illness. On an 
intake of 124 gm. fat and 20 gm. nitrogen there was an excretion of 
28.2 per cent, fat and 11 per cent, nitrogen. The complete acholia 
would account for the loss of 28 per cent, fat; the slight increase of 
nitrogen loss to 11 per cent, is the only result of complete absence of 
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ferments of the pancreas in the intestine.““ As this patient was exam- 
ined in the first week of symptoms, it may be presumed that the body 
of the gland was still intact, as innumerable animal experiments show 
that the process of atrophy which results on closure of the duct is a 
gradual one, taking time for its full development. Neutral fat globules 
and undigested muscle fibers were absent from the stool. 

Case 7 (Table 5) differs from the former in that it was seen only 
after, the malignant process had been in existence over three months. 
The duodenal tube demonstrated, at the time of the absorption experi- 
ments, complete closure of the bile and pancreatic ducts. Neutral fat 
globules and undigested muscle fibers appeared in the stool two weeks 
after the period of the absorption tests. On an intake of 80.9 gm. fat 
and 11.8 gm. nitrogen, there was an excretion of 60 per cent, fat and 
15 per cent, nitrogen. The large loss of fat and protein was accounted 
for by the autopsy report ; complete infiltration of all the pancreas by 
invading carcinoma; the portions of the parenchyma not actually 
destroyed by the new growth were atrophic and replaced by cirrhotic 
connective tissue. 

Three main conclusions may be drawn from these absorption tests 
in pancreatic diseases ; 

1. The nature of the disease does not determine the degree of fat 
and nitrogen loss. 

2. The amount of food absorption is independent of the patency of 
the duct, or the activity of the enzymes of the external secretion of the 
gland. 

3. The degree of interference with intestinal absorption is depend- 
ent on organic disease or functional derangement of the parenchyma 
of the gland, the pancreas probably normally controlling intestinal 
absorption by an internal secretion or hormone. 

In substantiation of the first conclusion we may point to the wide 
divergence between the figures for absorption in the several diseases. 
In acute suppurative pancreatitis, for instance, the fat loss in Case 1 
of my series is 9.4 per cent. ; in a case reported by Umber and 

56. It might be suggested in this case, that a patent accessory duct of Santorini 
supplied ferments to the intestine. Careful dissection in six cases of obstruction 
of the duct of Wirsung failed to show any instance of a patent accessory duct. 
Nor have any of the observers of pancreatic disease noted a patent accessory 
duct, except Tileston^ who once found it. However, the duodenal tube, lying 
deep in the intestine, would not differentiate between main and accessory ducts ; 
if ferments are being secreted it would discover them. When no ferments 
are found, it is safe to assume that all ducts are closed, as the Santorini duct 
in man opens with, or within a centimeter or two of the Vatenan papilla. 
At autopsy the accessory duct luas often been seen, but never patent through 
to the lumen of the intestine. 
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Brugsch®^ (Table 2), this same loss was 59.7 per cent., or five times as 
great. In Cases 2 and 3 of my series the fat loss varied from 5.6 per 
cent, to 34.7 per cent., and the nitrogen loss from 6 per cent, to 16.4 per 
cent. A glance at Table 3 of the literature will -demonstrate still 

greater variations. _ 'nr 

In two cases of obstructing pancreatic tumors in my series. Case 6 

shows the moderate losses of 28 per cent, fat and 11 per cent, nitrogen, 
while Case 7 presents a loss of 60 per cent, fat (more than double) 
and 15 per cent, nitrogen, A glance at Table 4 of the literature brings 
to light still greater divergences. 

It is then evident that the nature of the disease plays a small role 
in determining the degree of food loss. 

In substantiation of the second deduction, that the external secre- 
tion of the pancreas influences food absorption in only a small way, 
we note that absorption is equally good in Case 1 with almost com- 
pletely absent ferments, Case 6 with no ferments at all in the intestinal 
tract, and Case 3 with normally active enzymes being secreted. 
Absorption is almost identical in all three instances in spite of the great 
divergence in the condition of the ferments. 

Against the deduction that absorption is little disturbed by diseases 
depressing the enzyme secretion of the pancreas, may be offered the 
argument that compensatory overactivity of the gastric, salivary, or 
intestinal ferments (erepsin) may substitute itself for the former 
diminution (Meltzer, “Factors of Safety,” in discussion of Tileston’s 
paper^^). But if we refer back to the section of tliis article on Experi- 
mental Pancreatic Disease, we will recall that all attempts to demon- 
strate such compensatory overactivity were futile. Failure also 
attended efforts to demonstrate absorption of stagnant ferment from 
obstructed ducts and reexcretion through the intestinal wall into the 
lumen of the gut. Experimentally, when the ducts are tied, trypsin is 
absent from the intestine (Brugsch,^^ Werzberg.^ Lombroso^'^). The 
same fact holds good for human cases of obstructed ducts (Orlowski,^° 
Gross,^ Pratt ,=^2 Tileston,^^ Crohn,® Matko^^ and others). 

After consideration of my own cases and of the experimental work 
the evidence fails to show that the external secretion of the pancreas is 
essential to good absorption. 

In substantiation of the third deduction, that the degree of inter- 
ference with absorption depends on organic or functional disturbances 

of the secretory parenchyma of the gland, we may bring the following 
evidence : 

Of the two cases of pancreatitis in Group 2 (Table 5), in Case 2 
the process was severe, general throughout the gland, intralobular in 

57. Umber and Brugsch: Arch. f. exper. Path. u. Pharmakol., 1906, Iv, 164. 



THE ARCHiyES OF INTERNAL MEDICINE 


m 

form; every lobule had been attacked, within and without, by connec- 
tive tissue, as shown by the autopsy. The absorption test showed a 
loss of 34.7 per cent, fat and 16.4 per cent, nitrogen. In Case 3, with 
swelling only of the head of the gland, relieved by operation, absorp- 
tion was quite normal. Of the two cases of neoplastic obstruction of 
the ducts (Cases 6 and 7), absorption in the one examined early was 
still very good; in the patient examined late in the course of the dis- 
ease (complete infiltration and atrophy of acini), absorption had suf- 
fered greatly. 

Confirmation of this contention from the literature is difficult, as so 
few detailed necropsy reports exist, and the extent of destruction is so 
rarely mentioned. Moreover, the literature offers only such cases as 
demonstrated clinically free neutral fat or undigested muscle fibers in 
the stools or had the numerous, bullcy, oleaginous evacuations typical 
of pancreatic disease. As this symptom, in my experience and in that 
of others, is a late one to appear, and indicates advanced disease, we 
naturally expect to find marked interference with absorption. Exact 
chemical methods in all these published cases do show severe losses in 
the food absorption. 

If, on the other hand, we attribute the degree of food loss to the 
nature of the attacking disease, we find no consistent ground for such 
a classification. Pancreatitis cases vary in their fat losses between 
9 per cent, and 72 per cent. ; tumor cases vary between 18 per cent, and 
85 per cent., or practically identical limits. Nitrogen losses vary simi- 
larly. The explanation is not to be sought in the nature of the malady, 
but in the amount of tissue destruction or functional disarrangement 
brought about within the gland. Thus, every case must be judged by 
itself, and the disturbance of gland function estimated by the degree 
of unabsorbed food. 

Could one demonstrate a direct proportion between absorption 
interference and parenchyma disorganization, the problem would be 
solved. But the exceptions to such a rule are too numerous. Richard 
Bright noted this when he made his first ob.seir\'ations on fatty stools. 
Franke^® published three cases of complete excision of the pancreas 
for cancer without the development of glycosuria or fatty stools (one 
case observed for five months). Adler and Milchner^® observed a case 
of abdominal tumor, with severe glycosuria and jaundice, yet excreting 
only 18 per cent, of the ingested fat. Walker*^® reports the case of a 
man observed for twenty-six years, who at necropsy showed pancreatic 
calculi blocking the duct and advanced atrophy of the parenchyma. 

5S. Frankc: .-Vreh. f. klin. Chir., 1501, Ixiv, 364. 

59. .-\aier and Milchner: Berl. klin. Wchnschr., 1508, .xlv, 148/. 

60. Walker: Med. Chir. Tr., 1SS9, Ixxii, 257. 
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yet never developed glycosuria or fatty stools or other evidence of 

disease of the gland. ^ , j u 

The most flagrant exception to the rule ia the case reported by 

Glaessner and Sigel,®" one of chronic pancreatitis.^ In this case there 
was a loss of 56.1 per cent, fat and 41.5 per cent, nitrogen. Five years 
later, Keuthe®^ performed absorption experiments on this same indi- 
vidual and discovered normal metabolism. At the autopsy (death due 
to pulmonary tuberculosis) pancreatic calculi and complete atrophy of 
the gland were found. No accessory pancreas was discovered. 

These exceptional instances can be explained on only one common 
basis, namely, that small remnants of surviving parenchyma can and 
do preserve normal metabolism. But there is another factor besides 
the amount and size of the surviving fragment, and that is the func- 
tional capability of this remnant. This point is amply verified by the 
experiments of Lombroso, Fleckseder, Niemann and others who dem- 
onstrated nutritional equilibrium when a minute transplant of pancreas 
remained viable under the skin. 

But if a small fragment of secreting tissue can maintain good 
absorption, why do we constantly observe severe disturbances in 
metabolism when the gland is largely preserved, showing only a 
moderate degree of chronic intra-acinar inflammation, but with large 
areas of well preserved and apparently actively secreting zymogenic 
cells? This query brings the same answer, tliat not the amount but the 
functional activity of the surviving cells determines the degree of 
balance or loss of equilibrium. It may be that chronic intra-acinar 
pancreatitis is, as suggested in an earlier paragraph, a primary degen- 
eration of the secretory cells, not visible with bur present microscopic 
methods, and involving that internal secretion of the gland which con- 
trols absorption, and so often carbohydrate metabolism. In that event 
the connective tissue would be only a replacement fibrosis, of no 
importance as an index of the severity of the disease. 

That functional deterioration of the external pancreatic secretion 
may occur without organic disease was shown by the enzyme studies 
in Part 1 of this paper (Cases 7-11, Table 1). A similar functional 
deterioration may affect the internal secretion of the gland, resulting 
in disturbed absorption (Cases 4 and 5, Table 5). The present con- 
ception of the mechanism of the production of diabetes mellitus is 
founded on the idea of a similar disturbance to an internal secretion 
of the pancreas ; here, too, it has frequently been impossible to demon- 
strate an organic lesion to the gland, even with the finest methods. 
Organic disease, sufficiently advanced to cause both diabetes and dis- 


61. Glaessner and Sigel; Berl. klin. Wchnschr., 1904, xli, 440 
6-. Keuthe: Berl. klin. Wchnschr., 1909, xlvi, 47. 
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turbed metabolism, may exist, though this is rare. Such cases were 
clearly described by Hirschfeld“ in 1891. Fortunately, coexistent dis- 
turbance of both the internal secretions of tire pancreas is unusual; 
fatty stools in diabetes are exceedingly rare, and glycosuria as a symp- 
tom of pancreatitis occurs only in 38 per cent, of cases according to 
Fitz,'’^ and only 5.3 per cent, as given by Deaver.®^ The two internal 
secretions of the pancreas are separate entities, sometimes, but not 
usually, being simultaneously involved in disease, and being differently 
affected by the various pathological processes that affect the gland. 
We should recognize disturbances of both these internal secretions as 
due to organic disease, as also to functional derangement of the 
parenchyma. 

It is probable also that the disturbance of fat absorption in a case 
of congenital steatorrhea, reported by Garrod and Hurtley,“® is explain- 
able on the basis of the congenital absence of such an internal secretion. 
In tlie same category can probably be included the case of pancreatic 
infantilism described by Bramwell.®’’ Also the occurrence of fatty 
stools in some cases of exophthalmic goiter, described by Bittorf,®® in 
which a general disturbance of polyglandular secretions may exist. 
The peculiar disease reported by Whipple,®^ in which large- deposits of 
fat and fatty acids occurred in the intestinal and mesenteric lymphatic 
tissue, may fall into the same category. 

Many workers in the field of pancreatic disease have noted a 
marked improvement in the absorption of both fat and nitrogen on 
feeding pancreatic extracts or the raw gland ( Salomon, Ehrmann,^^ 
Gross, etc.). This has been held as a proof that the external secre- 
tion of the gland controls digestion and absorption. To controvert this 
argument there are two strong facts. First, with even excessive feed- 
ing of commercial extracts of raw gland, no ferments were demon- 
strable in the intestine, though the absorption of food had markedly 
improved. Second, my own analyses of the known market products 
prove them either inactice or so weak as to be incapable of replacing 
such strong ferments as the gland normally supplies. Yet the improve- 
ment in absorption after feeding the gland is beyond question. The 
explanation lies in the fact that both commercial and raw extracts prob- 

63. Hirschfeld; Ztschr. f. klin. Med., 1S91, xix, 294. 

64. Fitz: Tr. Congr. Am. Fhys. and Surg., 1903, vi, 36. 

65. Deaver; Jour. Am. Med. Assn., 1911, Ivi, 1079. 

66. Garrod and Hartley : Quart. Jour. Med., 1912, vi, 242. 

67. Bramwell : Quoted from Robson and Cammidge, The Pancreas, Its Sur- 
gery and Pathology, 1907. 

68. Bittorf : Deutsch. med. Wchnschr., 1912, xxxviii, 1034. 

69. Whipple: Bull. Johns Hopkins Hosp., 1907, xvii^ 3S2. 

70. Salomon : Berl. klin. Wchnsclir., 1902, x.xxix, 45. 

71. Ehrmann; Ztschr. f. klin. Med., 1909-10, Ixi.x, 319. 
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ably contain the internal secretion of the gland in an active form, just 
as does commercial thyroid or pituitary extract. 

We may summarize by saying that cases with distinct increase of 
fat and nitrogen excretion, not due to intestinal disease or abdominal 
tuberculosis, and greater than the fat loss due to simple biliary obstruc- 
tion, are strongly indicative of pancreatic disease. From the absorp- 
tion test, the diagnosis of the nature of the disease is not vouchsafed, 
but an impression is gained of the functional activity of the surviving 
glandular tissue. The absorption test also offers no knowledge of the 
condition of patency or non-patency of the ducts, nor of the activity 
of the external secretion. 

GENERAL CONCLUSIONS 

1. The quantitative examination of duodenal ferments is the most 
rational and accurate method of studying the external secretion of the 
pancreas. Diminution of such enzyme activity of the pancreas is a 
reliable sign of organic disease of the gland. Occasionally, though 
rarely, a diminution of ferments occurs as a symptom of advanced 
organic disease elsewhere in the body. Roughly, the diminution of 
ferments is directly proportional to the extent of organic destruction 
which has taken place. 

2. The absorption of fat and nitrogen from the intestine is inde- 
pendent of the condition of the external secretion, or even of its pres- 
ence. Absorption may be poor with an intact gland, or good with a 
gland of which only a fragment survives the disease. The functional 
activity of the gland, not its organic condition, determines the degree 
of absorption ; this is probably controlled by an internal secretion or 
hormone. 

3. Duodenal ferment tests give the index of the organic condition 
of the gland. Absorption tests give the index of the functional activity 
of the pancreas. 

41 West Eighty-Third Street. 



A DIFFERENTIAL STUDY OF COCCIDIOIDAI. 
GRANULOMA AND BLASTOMYCOSIS 


I. PATHOLOGY AND BACTERIOLOGY 
II. REPORT OF TWO ADDITIONAL CASES OF COCCIDIOIDAL DISEASE * 

PHILIP KING BROWN, M.D., and W. TAYLOR CUMIMINS, ]\I.D. 

SAN FRANCISCO 


To California physicians who have seen a good deal of a disease 
peculiar to the San Joaquin Valley and described as coccidioidal granu- 
loma there seems to be a confusion on the part of some writers as to 
its relation to blastomycosis, and indeed, the two have been frequently 
referred to as one and the same disease. It is our purpose to show 
how real the confusion is in the literature, and by describing the 
morphology of the two organisms, their development and appearance 
in tissue, as well as the reactions found, and finally by a comparison 
of the efifect of each form on inoculated animals, to show that they are 
distinctly different and not merely different forms of the same 
organism with different methods of development and different toxicity 
under varying conditions. This latter view is held by Wright, who in 
his article on the subject in Osier’s “System of Medicine,” regards all 
the cases reported under the names coccidioidal granuloma and blasto- 
mycosis as different manifestations of the same disease, which he calls 
oidiomycosis. He states that the prognosis is bad where the condition 
is due to infection with sporulating forms, whereas only four of thirty 
patients died when infection was with budding forms. He discusses 
briefly Wolbach’s morphological studies and animal work with the 
sporulating forms, and considers the budding forms another phase of 
the same organism. 

Whitman, who studied a case of “systemic blastomycosis” m 
Denver, recognizes the confusion which exists and in an article on the 
“Botan)'^ of the Organism of Blastomycosis,” states that the organisms 
in these cases are probably not identical.” The importance of buddin., 
referred to by many authors as a different morphological characteristic 
is set aside by him as having no biological significance and no lon^ 


* Submitted for publication Oct. 6, 1914. General 
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used by mycologists on account of its being found so widely distributed 
among fungi. ‘‘There is apparently ample ground for the view that 
the term ‘blastomycosis’ really includes a wide variety of organisms. 
Cultures from different cases present considerable variations in mor- 
phology and cultural characteristics.” An abundance of budding forms 
marked some, whereas an absence characterized others. Some recov- 
ered rapidly under potassium iodid, whereas others progressed obstin- 
ately in spite of it. 

In his case, Whitman says : “I have observed for the first time the 
production of mycelia within the tissues.” He traces the development 
of asci in the tissues and states that budding forms are exceedingly 
rare. He concludes tliat the plant may belong to the Monascaceae or 
Exoascaceae in the ascomycetes group, and that a study of the behavior 
of this organism under conditions natural to the life of related groups 
would possibly give complete information regarding its botanical 
position. 

Brewer’s case of an abscess in the back, connected with the lumbar 
vertebrae, was studied by Wood, who reported the pus showing large 
numbers of spherical cells of different sizes (from 10 to 25 microns), 
each surrounded by a clear gelatinous envelope. No budding was 
found in the organisms as seen in fresh pus and mycelia were not 
observed in cultures, which grew easily but slowly on ordinary 
mediums. 

Zinsser discussed the morphological characteristics of the organism 
found in Brewer’s case of blastomycosis. Unlike most forms described, 
his organism grew poorly on all fluid mediums. Reproduction was by 
budding, and in no case even in agar and gelatin hanging drops were 
mycelia observed. In old cultures daughter cells grew and budded 
again without detachment entirely from the mother cell. 

Ewing, in the discussion, reported a case in Coley’s service from 
which an organism with abundant mycelia was cultivated. The organ- 
ism grew at room temperature and even in the ice-box. 

Irons and Graham’s case of generalized blastomycosis showed no 
special points of interest except the belief that the primary lesion was 
in the lungs. Although they state, as is generally believed, that dis- 
semination is by the blood-stream, two blood-cultures were sterile. 
Cultures on ordinary mediums showed elevated, mold-like, definitely 
margined growths with aerial hyphae and mycelia. Budding forms 
were found in young cultures. 

Morris of New York reported as systemic blastomycosis the case 
of a physician from Texas who infected his finger the year before while 
dissecting in Chicago. MacNeal and Hjelra, who made the cultures 
and discussed the diagnosis in the same journal, described the organism 
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as growing after forty-eight hours’ incubation in “'radiating mycelial 
threads.” The fresh pus contained double contoured spheres (from 
4 to 25 microns) . No budding forms or mycelial threads were recog- 
nized in the pus, but in growths the mycelia were abundant. They 
regarded the organism as “identical with that discovered by Posada 
and Wernicke and first described in the United States by Rixford, 
who bestowed on it the name Coccidioides immitis. 

Buschke^ discussed at length the "Hefedhnliche Microorganism!' 
In the oidiomycetic infections of tissue he states that the oval bodies 
alone are found, mycelia having been observed by no authors. Gil- 
christ’s disease he calls Oidiomycosis americana, and the coccidioidal 
granuloma cases of Ophuls and Moffitt and other American authors 
he regards as the same affection. He would group them under the 
heading of blastomycosis. 

A detailed review of the literature on coccidioidal disease and 
blastomycosis has not been attempted by us. Ricketts presented an 
exhaustive study, in 1901, of the clinical and laboratory aspects of the 
disease and concluded that the so-called “protozoic disease” (coccidi- 
oides) of Posadas, Wernicke and Ophuls, and Gilchrist’s blastomycetic 
dermatitis were various manifestations of the same disease. He 
described the lesions of blastomycosis consisting of subcutaneous 
abscesses or granulomatous nodular growths with usually the appear- 
ance of a primary papule. The abscesses had a cauliflower-like surface 
with elevated borders and surrounded by a red, indurated zone. The 
centers of the lesions showed granulations. Marked epithelial hyper- 
plasia was noted as well as epidermal and subepidermal abscesses. 
Dense infiltrations of cells, including giant-cells, were noted. Vast 
numbers of organisms were found in some cases in the pus and granu- 
lation tissue. In the viscera small nodular masses and abscesses with 
and Avithout cheesy material developed. A comparative study of the 
organisms, including blastomycetes or oidiomycetes and the organism 
of Ophuls and Moffitt’s “so-called protozoic disease,” revealed prac- 
tically no differences. At least there appeared to be no greater differ- 
ences than between the various strains of blastomycetes. Most of the 
organisms developed on artificial mediums in one or two days, certain 
others requiring from two to seven days. He divided the^ entire group 
(including Busse’s- Saccharomycosis honiinis, and Curtis Saccharo 
mycosis humaine) into three classes, depending on the. appearance o 
growth on culture mediums: (1) elevated, moist, white co onies 
coalescing to form a fleshy growth of paste-like consistency, (2) 
ular surface, slightly elevated and on coalescing, more elevatec an 

1. Buschke: In Kolle and Wassermann’s Handbuch der path. Mikroorganii- 
nien, xv, 155-210. 
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eventually a surface looking like a piece of crumpled cloth or mass of 
earthworms: (3) aerial hyphae and surface white, dry and flour-like 
and eventually covering sides of container. Some of the organisms 
produced acetic acid ; some fermented glucose and maltose, and others 
fermented saccharose and lactose, while others had no fermentative 
activity. One produced indol. A complete study of the “protozoic” 
organism appears not to have been made. Experimental inoculations 
showed considerable resistance to infection by the various strains of 
blastomycetes on the part of guinea-pigs, dogs and rabbits. 

In 1904 Wolbach studied a strain of coccidioidal organisms isolated 
from a patient with subcutaneous lesions. Growth appeared in culture 
mediums in two to seven days, and after some time it showed on solid 
mediums an opaque white, elevated center due to aerial hyphae bearing 
gonidia. In broth globular, white, thistle-down-like masses developed 
and settled to the bottom of the tube. Saccharose, dextrose and 
mannite were not fermented. Microscopically, the growth showed 
radiating masses of coarse, branching, segmented mycelia with distinct 
membrane. In very old cultures spherical bodies were found resem- 
bling those found in tissues. The organism was highly virulent for 
guinea-pigs and rabbits, and the lesions simulated tuberculosis. Endog- 
enous reproduction was found in the organisms recovered from -the 
.animals. No evidences of mycelia or budding processes were noted, 
although the latter were in some instances simulated owing to juxta- 
position of the cells. The development of mycelia from the endo- 
sporulating cell as found in pus was studied on agar slides and hang- 
ing-drop preparations and the reverse development by intravenously 
inoculating rabbits and examining sections of organs from twenty-four 
hours up to several weeks, as well as by the introduction of cultures 
sealed in collodion capsules into the peritoneal cavity of rabbits. 
Wolbach stated that “the organism cannot be a blastomyces, neither 
can it be included in the oidium-like group of Ricketts, since the 
organisms of that group may reproduce by budding.” 

In 1907, Hektoen published a detailed review of cases and con- 
cluded that they were different diseases. In 1908, Montgomery and 
Ormsby summarized the literature, and, in 1909, Harter published a 
book on blastomycosis. 

In the Archives of Internal Medicine, April 15, 1914, a series 
of eleven case-reports on systemic blastomycosis appeared, together 
with a pathological, bacteriological and clinical study of the disease by 
Stober. He obtained cultures from the moldy wood in the homes of 
the patients and noted a similarity with the cultures from human 
tissues. Vaccination with blastomycetes was tried in two systemic 
cases and one cutaneous case ; of these one of the former patients 
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recovered. The vaccine consisted of the filtrate and suspension of the 
triturated membranes of old bouillon cultures which had been heated 
at 110 C. Stober inclines to the theory that systemic blastomycosis is 
primarily a respiratory infection. Blood cultures, in a case reported 
by Krost, Stober and Moes were positive. (Buschke had previously 
reported one such case.) The urine also showed blastomycetes, the 
source of which, as shown at necropsy, was the prostate. This series 
of articles consists of reproductions from the Cook County Hospital 
reports, 1910, as noted on page 509 of The Archives. 

The last summary of recently reported cases of coccidioidal granu- 
loma together with experimental work has been published by MacNeal 
and Taylor. Anaerobic cultivation of the Coccidioides immitis in 
sterile ascitic fluid and gelatinized horse-serum with pieces of sterile 
tissue showed on inoculation of pus the development of round-cells 
and no filaments at the bottoms of the tubes. Such cultures have been 
kept alive for three weeks. Their work supports the observation of 
Wolbach that the double-contoured spheres in the animal tissues 
develop by a direct transformation of septate mycelial threads and not 
from the chlamydospores. MacNeal and Taylor believe that the dis- 
ease produced by this organism is an entity and that it is differentiable 
from blastomycosis, oidiomycosis, etc., and that one point of practical 
therapeutic differentiation is the value of iodids in blastomycosis and 
their failure to benefit cases of coccidioidal disease, as emphasized 
earlier by one of us (Brown). MacNeal and Taylor conclude that 
coccidioidal granuloma is a definite specific infectious disease and 
that '^coccidioides wimitis (class Ascomycetes) is distinctly different 
from the budding fungi found in human diseases variously called 
blastomycosis, oidiomycosis,’' etc. 

The association of coccidioidal granuloma and blastomycosis, as 
one disease, has been asserted by Wright, Ricketts, Buschke, etc., and 
a clinical confusion specifically illustrated by Morris’ case of reported 
blastomycosis which ivas shown on laboratory examination to be 
coccidioidal disease. Welch believes that they are two differentiable 
diseases, and Ophuls, Hektoen, Wolbach, MacNeal and Taylor, an 
others, are of the opinion, as the result of clinical and laboratory obser- 
vations, that they are separate conditions. 


PERSONAL OBSERVATIONS 

Case 1.— H. D. V., aged 24, San Joaquin Valley, California, family P''®' 
vious history negative, was in the Southern Pacific Hospital trom ' . 

to 20, 1912, for laryngitis, which was suspected of being Lsi- 

rcactions were negative. Readmitted with typhoidal symptoms. . , 

tive 1 :40 and blood-culture negative. Died March 2, 1913, having - 

pital about two months. Gross examination of organs reveale _PP . . 
disserninated miliary tuberculosis, while microscopically cocci loi 
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were found in -the spleen, lungs, liver, kidneys, pancreas and adrenals. The 
organisms showed endosporulation. There were no cultures.' 

Case 2. — Service of Dr. S. J. Gardner. J. P., aged 29, Mexican, laborer 
in section-gang (railroad), Bakersfield, San Joaquin Valley, Cal., was admitted 
to hospital July 27, 1913. Family history was negative. Patient denied venereal 
infection. The present infection apparently began three weeks before admis- 
sion with a nodule on the dorsum of the right great toe. The day before 
admission it had been lanced and a quantity of pus escaped. He denied injury. 

Examination . — Poorly nourished adult. Temperature was 104 F. and only 
a slight increase in respiratory and pulse-rates. Head, chest and abdomen 
negative. Right great toe presented two open wounds which were exuding 
considerable pus. Throughout the course of the disease the temperature fluctu- 
ated between normal and 104 F. The foot was kept for varying periods of 
time in a salt-water bath, and potassium iodid was administered internally in 
20-grain doses thrice daily. There was no improvement and the patient was 
transferred to the roof that the foot might be exposed to the direct sun rays. 
For a time there was some decrease in the amount of pus. There was pro- 
gressive decline, however, and about two weeks before death patient became 
stuporous, and had by this time become markedly emaciated. There was no 
apparent joint or other bone lesions and no evidences of pleurisy. No cough. 
Pus from the toe showed typical coccidioidal organisms with endosporulation. 
Tissue from margin of lesion showed the same. Blood ; August 9, hemoglobin 
70 per cent. ; red blood-cells, 4,760,000 ; white blood-cells 16,600. Blood-cultures : 
August 6 and September 15, sterile. Urine: July 29, negative. Wassermann 
reactions : blood-serum, August 2, negative, and cerebrospinal fluid, September 
10. weakly positive (4 — h). The fluid was moderately turbid and under a pres- 
sure of 140 mm. Butyric acid and ammonium sulphate reactions positive. Cells 
20 ( ?) per c.mm. 

Necropsy Record . — Markedly emaciated body. Bedsores over sacrum. 
Peritoneum smooth and dry and no adhesions. Spleen moderately enlarged 
(240 gm.). There were numerous small, firm, grayish nodules of millet-seed 
size. Liver slightly enlarged (1,620 gm.), dark brown and flabby. Gall-bladder 
apparently normal as well as stomach. Intestines were moderately congested. 
Pancreas apparently normal. Both kidneys moderately enlarged (from 200 to 210 
gm.). Several millet-sized, whitish areas in cortex and medulla. Adrenals, 
ureters, bladder and genitalia apparently normal. In left pleural sac a few 
rather firm adhesions at apex. In left lung (500 gm.) numerous closely aggre- 
gated, grayish, firm nodules throughout both lobes. Right pleural sac normal. 
Right lung (620 gm.) resembled the left. Heart (300 gm.) had a pale, flabby 
muscle. Valves apparently normal. Beginning of aortic arch showed few small 
areas of early sclerosis. Retroperitoneal lymph-nodes moderately enlarged and 
firm. Brain (1,360 gm.) showed a uniformly moderate thickening of the dura 
mater. Overlying the occipital dura there was a well defined purulent collec- 
tion which was directly continuous through a necrosed portion of the occipital 
bone with a larger mass of pus beneath the scalp. There was early necrosis of 
the left temporal bone. There was extensive necrosis of the upper half of 
the sternum and the third, fourth and fifth lumbar vertebrae with pus develop- 
ment, as well as the bones of the right great toe. 

Microscopic examination showed coccidioidal lesions (endosporulating 
organisms) in the lungs, liver, kidneys, occipital bone, dura mater, meninges 
of cervical and dorsal cord, as well as congestion, edema, emphysema and 
hemosiderosis of lungs ; passive congestion of liver, congestion of adrenals, 
chronic gastro-enteritis, chronic retroperitoneal lymph-adenitis; hyaline changes 
in right soleus muscle. 

2. Carson and Cummins: A Case of Coccidioidal Granuloma (California 
Disease), Jour. Am. Med. Assn., 1913, Ixi, 191. 
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Cultures made at necropsy and incubated at 37 C showed within twenty- 
four hours growth of coccidioidal organisms. 

Case 3.— Service of Dr. J. H. O’Connor. A. R., aged 27, blacksmith 
helper, Kerto (since August, 1913), San Joaquin Valley, Cal., was admitted 
to Hospital March 5, 1914. Family and previous personal history negative. 
Patient denied venereal infection. The present condition apparently began ten 
days previously with lumbar pains. Patient stated that he lost abo^tt 13 pounds 
in fifteen days. He denied injury. 

Examination . — Fairly well-nourished man. On admission temperature, 
pulse and respiration normal. No tenderness in lumbar region. Blood-pressure, 
systolic, 120 mm. Urine, negative. Two days after admission there was defi- 
nite localization of tenderness, and a mass noted in the lumbar muscles over 
the left kidney. On opening there exuded considerable pus in which double- 
walled endosporulating cells were found. Six weeks after admission, tender- 
ness and swelling of the right wrist and left elbow appeared. At that time 
there was a moderate purulent discharge from the lumbar lesion, whose walls 
were of a gray, slimy, necrotic appearance. The Roentgen picture showed no 
apparent connections with the spine. Throughout the period of illness an 
irregular temperature was maintained; maximum was 103.4 F. Daily applica- 
tions for five minutes of gauze saturated with pure phenol were made over 
a period of seven weeks. Then for four weeks daily applications to the lesion 
of gauze saturated with 0.25 per cent, solution of crystal violet were made. At 
no time were there evidences of granulations nor, on the other hand, extended 
necrosis. During the latter period intravenous injections of crystal violet were 
given, as follows : 

May 8, 100 c.c. of 0.25 per cent; May 11, 100 c.c. of 1 per cent 

May 16, 100 c.c. of 2 per cent.; May 19, 400 c.c. of 4 per cent. 

Slight chills following three injections were probably induced by insufficient 
heating of the solution rather than by any toxicity of the crystal violet On 
May 13, 5,200 c.c. of violet-tinged ascitic fluid were withdrawn; on May 21, 
2,250 c.c. ; on May 28, 1,040 c.c. The swelling of the wrist and elbow decreased 
and there was no other apparent bone or joint involvement. Death, June 1. 
Unfortunately permission for necropsy could not be obtained. 

EXPERIMENTAL WORK 

The coccidioidal cultures used for animal inoculations and bac- 
teriological study were those from Case 2; the blastomycosis culture 
was obtained from a systemic case at the city and' county hospital 
through the courtesy of Dr. Harold Hill. A limited bacteriological 
study was carried out on the strain of coccidioides from Case 3. Other 
cultures of coccidioides were obtained from Di*. Cook of the University 
of California and from Drs. MacNeal and Taylor of the Post-Graduate 
Medical .School in New York, and form the basis of study which is not 
yet completed. Rabbits, guinea-pigs and white rats were inoculated 
with the coccidioides and blastomycetes, and cats with the coccidioides 
only. 

COCCIDIOIDES 

Five Rabbits 

Rabbit i.— December 13: Inoculated intravenously 2 c.c. salt solution sus- 
pension culture containing spores. 

December 29 : Killed. Coccidiosis liver. No evidence of coccidioidal disease. 
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Rabbit 2. — December 13 : Intraperitoneally 5 c.c. salt solution suspension of 
culture. 

December 29: Killed. Coccidiosis of liver. No evidence of coccidioidal 
disease. 

Rabbit 3. — December 13 ; Intrapleurally as Rabbit 1. December 16 and 
December 22 negative. 

January 5 : Pea-sized mass near site of inoculation, but not attached to ribs. 

January 23: Chestnut-sized mass. 

April 4: Killed. Large mulberry-form abscess intrathoracic at site of inocu- 
lation. Small abscess extrathoracic. Left ankle-joint enlarged and contained* 
some pus; at right knee small firm tumor. Coccidioidal organisms in pus. 

Rabbit 4. — December 13 : Intratesticularly (right) as 1. Small bead in 
epididymis. 

December 22: Both testicles enlarged and right indurated. 

January 5 : Sinus from right. 

January 23: Both testicles size of small lemons. No discharge from sinus. 

February 28: Killed. Purulent orchitis (bilateral); coccidioidal organisms 
in pus. 

Rabbit 5. — December 13: Inguinally (right) as Rabbit 1. 

December 16 and 22: Negative. 

January 5 : Split pea-sized nodule in groin. 

January 23: Lima-bean-sized nodule at seat of inoculation. 

March 18: Killed. Purulent arthritis of left shoulder and right elbow. 
Pus showed coccidioidal organsms. 

Summary. — Intrapleurally, intratesticularly and in inguinal region, positive. 

Intravenous and intraperitoneal inoculations, negative. 

Nine Guinea-Pigs, Male 

Pig 1. — September 3. — Inoculated intraperitoneally with 2 c.c. salt solution 
suspension of pus from Case 2. 

September 22: Both testicles somewhat enlarged. 

October 2; Sinus from each testicle. 

October 21 : Killed. Coccidioidal lesions of testicles and spleen. 

Pig 2. — September 3: Inoculated as above. 

October 27 : Indurated ulcer of scrotum. 

October 29: Also enlarged right inguinal nodes. 

December 4: Testicle healed; inguinal enlargement persisted. 

December 16: Died. Coccidioidal involvement of inguinal nodes only. 

Pig 3. — September 3 : Inoculated as above. 

October 27 : Both testicles somewhat enlarged. 

October 7 : Small indurated ulcer of scrotum. 

October 29: Also enlarged inguinal nodes, both sides. 

December 4 : Killed. Large mass in left inguinal region. Some enlargement 
of axillary groups in both sides. Coccidioidal disease present. 

Pig 4 . — November 24: Inoculated with 4 c.c. salt solution suspension 
4-months’-old culture intraperitoneally. December 4. Some induration of both 
testicles. 

December 12. Also slight inguinal enlargement. 

December 16: Died. Coccidioidal lesions in left inguinal node and testicle. 

Summary. — Intraperitoneal inoculations positive. 

Pigs 5, 6, 7 and 8 . — December 18: Each inoculated intraperitoneally with 
1 c.c. salt solution suspension of pus from testicle of Pig 4, 

December 21-22 : All died. Congestion of lungs, liver, kidneys and adrenals. 
Cultures from peritoneal fluid sterile. 
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Pig 9- — December 21: Inoculated iniraperitoneally 1 c.c. salt solution sus- 
pension of peritoneal exudate from one '‘December *18 pig/’ 

December 25: Died. Congestion heart, kidneys, lungs and liver. Cultures 
from peritoneal fluid sterile. 

Thirteen White Rats 

Rat 1. — September 6: Inoculated subcutaneously in back with 1 c.c. salt 
solution suspension pus from Case 2. 

March 22: Ulcer at site of inoculation. 

October 2: No pus — more induration. 

October 19: Died. Negative. 

Rats 2 and J. — September 6: Inoculated iniraperitoneally as above. 
September 14; Some redness and swelling at sight 
October 2; Some induration of testicles. 

November 12: Negative. 

January 20: Killed. Negative. 

Rat 4. — November 24: Inoculated iniraperitoneally with salt solution sus- 
pension of 4-months-old culture. 

December 4: Small nodule at site of inoculation. 

January 5: Negative. 

April 4: Killed. Small firm cysts in liver. Coccidioides in smears and 
cultures. 

Rats 5, 6 and 7. — March 5: Inoculated iniraperitoneally with 1 c.c. salt 
solution suspension of pus from testicle of Rabbit 4. Killed March 17 and one 
only showed coccidioidal organisms in fluid from small hepatic cyst 

Rats 8, 9 and 10. — March 5: Inoculated as above, 

April 17: Killed. All negative. 

Rats 11, 12 and 13. — March 5: Inoculated testicularly above. 

April 17 : Killed. All negative. 

Summary. — Two of thirteen rats, positive. 

Five Cats 

Cat 1. — Full grown. September 5: Inoculated iniraperitoneally with 2 c.c. 
salt solution suspension pus from Case 2. 

September 14: Some swelling at site of inoculation. 

September 18-27, October 2: Idem. 

October 15 : One area size of quarter dollar and several smaller areas. 
October 22 : Idem. 

November IS: One large area of induration. 

December 4: Small nodule. 

December 12 : Idem. 

January 5: Negative. 

January 28: Killed. All organs grossly negative. Microscopically, few 
coccidioidal organisms found in small dense cellular collections in lung^. 

Cat 2. — ^Full grown. September 5 : Inoculated subcutaneously in back as 
above. 

September 14: Some swelling at site of inoculation. 

September 18 and 27 and October 2; Idem. 

October 7: Small area of induration. 

October 22: Area of fluctuation. 

October 29: Ulcer. Coccidioidal organisms in smears. 

November 5: Ulcer healing. 

December 4: Ulcer healed. 

December 12: Negative. 
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January 28: Killed. Few small whitish nodules in liver. Smears negative. 
Other organs including brain and cord grossly negative. Microscopically few 
coccidioidal organisms in lungs as above. 

Cat 3. — Kitten. September 14: Inoculated intraperitoneally with 2 c.c., as 
above. 

January 28: Killed. All organs grossly and microscopically negative. 

Cat 4. — Kitten. September 18: Inoculated intraperitoneally as above. 

• September 22: Negative. 

September 27 and October 2: Two pea-sized masses at site of inoculation. 

October 7 and 22 : Moderate ‘increase in size. 

November IS : Negative. 

January 28: Killed. All organs negative grossly and microscopically. 

Cat 5. — Kitten. September 18: Inoculated siihciitaneoitsly in back. At 
above dates of examination negative. 

January 28: Killed. All organs negative grossly and microscopically. 

Summary. — Full-grown cats, positive. Kittens, negative. 

BLASTOMYCETES 

Four Rabbits 

Rabbit 6. — December 13 : Inoculated intraperitoneally with 5 c.c. salt solu- 
tion suspension of 5-months-old culture. 

December 16 and 22: Negative. 

January 5 : Abdomen somewhat boggy. 

January 23 : Killed. No evidence of blastomycosis. 

Rabbit 7 . — December 13: Inoculated inguinally as above. 

December 16: Negative. 

December 22: Died of pneumonia. No evidence of blastomycosis. 

Rabbit 8. — December 13. Inoculated intrap leurally with 5 c.c. as above. 

December 22 and 23, January 5 and 23, April 16: Negative. 

April 17 : Killed. No gross evidence of blastomycosis. 

Rabbit 9 . — December 13: Intratesticularly (right) with 0.75 c.c. as above. 

December 16: Some swelling of the testicle. 

January 5: Testicle as large as a lime. 

April 16: Apparently normal. 

April 17 : Killed. Tunica vaginalis testis contained two split-pea-sized 
nodules containing thick pus in which blastomycetes (budding forms) were 
found. Right lower eyelid was covered with thick pus and small papillary 
projections were noted when pus was removed. Blastomycetes were found in 
pus. 

Summary. — Intratesticular inoculation positive. Intrapleural, inguinal and 
intraperitoneal inoculations negative. 

Three Guinea-Pigs, Male. 

Pig 10. — November 24: Inoculated intraperitoneally with 4 c.c. salt solu- 
tion suspension of 4-months culture. 

December 22: Boggy abdomen. 

Dec. 26 : Died. Congestion of liver and kidneys. Abscess in right epididymis 
containing drop of pus. Blastomycetes in smears and cultures. 

Pig 11. — December 27 : Inoculated intraperitoneally with 2 c.c. salt solution 
suspension of pus from epididymis of Guinea-Pig 10. 

January 13: Died. Congestion of lungs and liver; acute nephritis; acute 
follicular splenitis. No blastomycetes. 
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Pig 12. — Inoculated as Pig'll. 

April 17 : Killed. No evidence of blastomycosis. 

Summary. — Two of three intraperitoneal inoculations negative. 

White Rats 

Rat i-/.— Inoculated intrap eritoneally with 2 c.c. salt solution suspension of 
4-months-old culture. 

December 4: Small nodule at site of inoculation. 

April 4: Killed; negative. 

GENERAL SUMMARY OF ANIMAL INOCULATIONS 

White rats seem to be markedly insusceptible to infection with 
coccidioides and blastomycetes ; cats to coccidioides. Rabbits and 
guinea-pigs appear to be more susceptible to coccidioidal than to 
blastomycetic infection. No lesions were found in the cerebrospinal 
tissues. Passage through animals would seem to exalt the virulence of 
coccidioides as shown by five guinea-pigs (5, 6, 7, 8 and 9). 

CULTURAL STUDIES 

Both coccidioides and blastomycetes grew well on agar of strongly 
acid and alkaline reactions. Dextrose, dextrin, lactose, saccharose, 
maltose, raffinose, mannite, galactose, esculin, sorbit, agaricin, rham- 
nose, adonite, xylose, arabinose, mannose and salacin were not fer- 
mented by the coccidioides or blastomycetes. The addition of potas- 
sium iodid to mediums for facilitating the growth of the coccidioides 
or blastomycetes by inhibiting the' growth of contaminating bacteria, 
was not employed in the isolation of the organisms from pus, as it was 
found that after a short time they overgrow the bacteria. 

It was noted that the blastomycetes tubes incubated at 37 C. did 
not grow so well or so rapidly as when they were kept at room tem- 
perature. This fact has been called attention to by Ophuls, whose 
further statement that coccidioides grows best at 37 C. we also confirm. 

Of fifty dyes in neutral agar the violets uniformly showed the 
greatest inhibitive action on the coccidioides, blastomycetes and staph- 
ylococci, and the greens ranked second. The blue dyes varied con- 
siderably from the strongest, methylene blue BX and brilliant cresyl 
blue to the weakest, trypan blue and china blue. Such dyes as safranin, 
Congo red and victoria blue showed well marked differences in their 
action on the respective organisms. A relatively marked inhibition was 
effected by safranin on staphylococci. The reverse was true of congo 
red. Victoria blue exerted a well marked inhibition of the growth of 
blastomycetes and no inhibition of the coccidioides and staphylococci. 
Purpurin, orange G, rubin S, Sudan III, methyl red, etc., were quite 
inert. (Some poorly soluble.) Uniformly, the most inhibitive dye was 
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* Explanation of abbreviations in table: B, blastomyces; 0, coccidioides; S, staphylococcus (from a case of osteomyelitis). 5 c.c. neutral agar 
per tube. Saturated aqueous solution of dyes from which serial percentages (0.01 to 40) were made. Tubes autoclaved for twenty minutes. 
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crystal violet, but for the blastomycetes methyl violet 1 B and 6 B. 
Crystal violet and Hofmann violet were of equally high potentiality 
for the coccidioides and blastomycetes. Intraperitoneal inoculations of 
aqueous solutions of crystal violet in 0.25, 0.5, 1 and 2 per cent, con- 
centration into guinea-pigs and white rats produced no toxic effects. 
As before noted, this dye was made the basis of therapy in Case 3. 
Safranin agar in 10 to 20 per cent, strength may prove of value in the 
isolation of coccidioides from pus and iri 10 to 15 per cent, strength, 
in the isolation of blastomycetes. 

The primary growths of the coccidioides from Cases 2 and 3 
required two to ten days for their appearance, except in the former, in 
which a few tubes of slant agar were thickly streaked with pus, and 
growth appeared within twenty-four hours. There is a tendency pri- 
marily for the pyogenic organisms to outstrip the coccidioidal growth, 
but in the course of two weeks the former growth is practically oblit- 
erated. After several subculturings of Strain 2, growth appeared in 
twenty-four hours. This strain showed the initial characteristic of 
fine, white threads radiating out over the agar surface, while that from 
Case 3 showed a whitish “cottony” surface without such radiations. 
As the agar slants became covered with growth, both strains assumed 
a somewhat dry, wrinkled, fleshy, brownish-white appearance. Espe- 
cially in Strain 2 there was early penetration of the agar, and in the 
thinner drier portions of the medium (top of slant) there was an early 
development of the whitish “cottony” growth. This appearance was 
not general until the cultures became old and dry. Strain 3 has not 
been studied sufficiently long to determine this point. In both strains 
the growth after a time was of irregular thickness, being in places 
somewhat elevated and densely adherent to the medium, so that it 
was necessary for subinoculation to remove small pieces of agar. 
Strain 2 on the “dye-agars” developed in many tubes well-marked 
aerial hyphae as a primary growth. With some dyes, notably eosin, 
orange G and the rosanilins, general growth was more rapid and lux- 
uriant than on the plain agar. Those cultures developed early the 
whitish, dry, “cottony” growth in dense masses projecting from the 
surface of the medium. All tubes were incubated at 37 C. 

Early in the period of subculturing our strain of blastomyces, 
seven to ten days elapsed before there were evidences of growth, but 
later in many tubes this period was reduced to two or three days. The 
primary growth in all plain agar slants consisted of round, moist, flat 
colonies composed of radiating whitish lines. Later coalescence took 
place and the surfaces dried and cultures assumed the appearance as 
described by Ricketts “(3) aerial hyphae and surface white, dry and 
flour-like and eventually covering sides of tube,” For subinoculation 
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this growth could easily be removed without puncturing the agar. The 
eosin, orange G and rosanilin agars favored luxuriant growths. On 
practically all of the dye-agars primary growth was manifested by 
aerial hyphae. • All tubes were kept at room temperature. 

Microscopically, both the coccidioides and blastomycetes in animal 
tissues presented the characteristic endosporulation and budding proc- 
esses, respectively. Neither in the pus nor in the solid tissues at any 
time could we demonstrate budding forms in coccidioidal disease, nor 
evidences of ensporulation in blastomycosis. No mycelia were found 
in the tissues in either disease. In cultures of both types of organ- 
isms, the already well-described cylindrical, septate, branching fila- 
ments with later spore development were noted. Agar slides, as 
described by Wolbach, were use to study the development of filaments 
from the cells as found in pus. We found the most satisfactory stain 
of the culture material to be eosin and methylene blue, but in pus the 
cells were readily studied on adding a dilute (4 per cent.) caustic 
soda solution. 

The initial growth of coccidioides on culture mediums is rapid, for, 
if a quantity of pus is inoculated, growth in some tubes has been noted 
within, tweinty-four hours. Blastomycytes require in their initial 
growth about ten days to two weeks for evidence of definite develop- 
ment, but after prolonged cultivation growth is seen in four to seven 
days. The optimum temperature for coccidioides is 37 C., and for 
blastomycetes about 20 C. Some strains of blastomycetes eventually 
show luxuriant growth to the extent that the sides of the container 
are invaded, whereas the growth of coccidioides seems always to be 
confined to the mediums. 

Animal inoculation yielded well-defined endosporulating organisms 
of coccidioidal disease, and in the pus of blastomycosis only the bud- 
ding forms. 

SUMMARY 

There are well-defined differences in the pathogenicity of the two 
diseases, coccidioidal granuloma being always fatal, and often rapidly 
fatal in man, while blastomycosis is commonly not so, except for the 
systemic cases, in which the organisms were found associated with 
bacteria of known and unknown pathogenicity (Zinsser, Hektoen, 
Gilchrist and Stokes). The clinical and pathologic aspects of coc 
cidioidal disease are those more closely resembling tuberculosis, as 
there is a greater predilection for the lymphatic system than there is in 
blastomycosis, and cutaneous lesions are likely to be more ulceratne. 
There appears but one reported case of coccidioidal disease in t le 
female sex, whereas there have been many of blastomycosis, o i s 
have temporarily benefited many, and apparently cured a few, asto 


PHILIP KING BROWN— W. TAYLOR CUMMINS 


625 


mycosis patients, whereas they have had no effect on the rapidly pro- 
gressive lesions and toxemia of coccidioidal granuloma. 

In the reported cases of coccidioidal granuloma and blastomycosis 
confusion is common as to clinical, pathological and bacteriological 
characteristics. The two organisms appear closely related, having 
much in common, but with such differences as to justify the conclu- 
sion that they are distinct entities. Morphologically, in pus and solid 
tissues they are differentiable by the endosporulation in the one and 
budding in the other. Cultural differences are not so pronounced, 
although we have found that growth is initially more rapid with coc- 
cidioides. Blastomycetes appear to grow best at room temperature 
(20 C.) ; coccicioides at 37 C. The table of dyes shows some differ- 
ences in the inhibition of growth. Rabbits and guinea-pigs are more 
resistant to blastomycetic than to coccidioidal infection. 

These appear to be sufficient reasons to justify the consideration of 
coccidioidal disease and blastomycosis as two different diseases. A 
second paper will deal with the diseases from serological, vaccine and 
chemotherapeutic points of view. 
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THE SPECIFIC GRAVITY OF THE HUMAN BODY=i' 

, C. D. SPIVAK, M.D. 

DENVER 


HISTORICAL 

Specific gravity is one of the first fundamental principles of hydro- 
statics, and its discovery is ascribed to Archimedes (287 B. C.). The 
incentive to his discovery and the method of his reasoning is described 
in the following story which carries with it the flavor of the East: 

King Hiero ordered his silversmith to make for him a crown of pure 
gold. When the crown was brought before him he suspected the 
honesty of the silversmith, and desired to know if Archimedes could 
devise a way of testing the question without injuring the crown. The 
philosopher pondered the problem for a long time without succeeding, 
but one day as he stepped into a bath his attention was attracted by the 
overflow of water. A new train of ideas was started in his ever recep- 
tive brain. Wild with enthusiasm he sprang from the bath, and for- 
getting his robe, he dashed along the streets of Syracuse shouting 
“Eureka ! Eureka !” The thought that came to his mind was this : that 
any heavy substance must have a bulk proportionate to its weight, bulk 
for bulk, and that the way to test the bulk of such an irregular object 
as a crown was to immerse it in water. The experiment was made. 
A lump of pure gold of the weight of the crown was immersed in a 
certain receptacle filled with water and the overflow was noted. Then 
a lump of silver of the same weight was similarly immersed. Lastly, 
the crown itself was immersed, and of course — for the story must not 
lack in dramatic sequel — was found bulkier than its weight of pure 
gold. The silversmith confessed that he made the crown of an alloy of 
silver and gold. The historian of science^ traces the first record of this 
story to the tenth century, but the principles of specific gravity have 
fortunately been tersely and lucidly stated by Archimedes himself in 
his book on floating bodies." 

DEFINITION 

Specific gravity is the ratio between the weights of equal volumes of 
any substance and of some other, chosen as a standard. For solids an 
liquids, distilled water at 62 F. and barometer 30 is taken as a standard. 


* Submitted for publication Oct 30, 1914. 

1. Cajori: History of Physics, 1899, p. 4. 

2. Works of Archimedes, edited by T. L. Heath- 
Press. 
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According to the law of Archimedes, a solid floating or immersed in a 
liquid loses weight equal to that of the volume of liquid it displaces, 
hence, 

Weight of solid Specific weight of the solid 
Loss of weight Specific weight of the liquid 

And, since the specific weight of the liquid is unity, hence 

Weight of solid 

The specific gravity of the solid = 

• Loss of weight 

In other words, the specific gravity of the solid equals its own weight 
divided by the weight of the volume of liquid it displaced. 

THE pioneers: observations on the specific gravity of separate 

ORGANS OF THE HUMAN BODY 

The older anatomists and physiologists paid considerable attention 
to the study of the specific gravity of the different organs of the human 
body.® John Davy"^ (1828) made careful observations on the specific 
gravity of some eighty different tissues and organs and he expressed 
the hope “that the physiologist will receive them as' a contribution to 
his science, and that the pathologist may derive from them a help to 
the eye and a more certain criterion of organic change than we yet 
possess. . . . The results are almost demonstrative that organic 

diseases of the viscera cannot take place without altering their specific 
gravity ; and if it is so, it is not improbable that this precise quality may 
be made an index of the kind and degree of organic changes.” 

As far as the available literature at my disposal goes,® the credit of 
the earliest record of observations on the specific gravity of the human 
body belongs to John Robertson® (1814), librarian of the Royal Society. 
He constructed a cistern 72 inches (183 cm.) long, 30 inches (76 cm.) 
wide and 30 inches (76 cm.) deep, and having procured ten men for his 
purpose, the height of 'each was taken and his weight, and afterward 
they plunged successively into the cistern. A rule or a scale graduated 
to inches and decimal parts was fixed to one end of the cistern, and 
the height of the water shown was noted before each man went in, and 
to what height it arose when he immersed himself under its surface. 

One of the reasons, Mr. Robertson says, that induced him to make 
these experiments was a desire to know what quantity of timber would 

3. See bibliography. Specific Gravity of Separate Parts of the Human Body, 
at end of article. 

4. Davy, John: Trans. Med. Soc., Edinburgh, 1829, iii, 436; also in 
Researches, Physiological and Anatomical, London, 1839, ii, 253. 

5. See bibliography Specific Gravity of the Human Body at end of article. 

6. Robertson, John: Philosophical Transactions, 1, Art. 5, Quoted in Hut- 
ton’s Philosophical and Mathematical Dictionary, London, 1815. (Article, Spe- 
cific Gravity.) 
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be sufficient to keep a man afloat in water, thinking that most men were 
specifically heavier than river or common fresh water ; but the contrary 
appears from trials made, for except the first, every man was lighter 
than an equal bulk of fresh water and much more so than sea water, so 
that, “if a person who falls in water had presence of mind enough to 
avoid the fright usual on such occasions they might be preserved from 
drowning, and a piece of wood no larger than an oar would buoy a 
man partly above water as long as he had strength or spirit to keep 
up his hold.” 

One hundred years have passed since Robertson made his crude 
experiments, and yet the number of observers who followed him can be 
counted on the fingers of one's hands, and the number of observations 
barely reach the two hundred mark, including the experiments made on 
cadavers (Herman'^). Nevertheless these pioneers deserve our grati- 
tude for having established a few definite and valuable facts in con- 
nection with this interesting but neglected study, and especially for 
having discarded the crude contrivance of Robertson’s wooden box- 
cistern in which the material, the shape and the size gave rise to 
innumerable sources. of error, to which we will refer later. 


TPIE author’s specific GRAVITY APPARATUS 
The Volumometer . — The tank is constructed of sheet iron, cylin- 
drical in shape, 64 cm. in diameter and 165 cm. in height. The vessel 
is reenforced by a steel hoop at about its middle. To avoid injury to 
the subject while entering and leaving the tank, the sharp upper brim is 
flanged. The level of the water in the tank is indicated on the water- 
gage made of Scotch glass, 3 cm. in diameter, graduated in centimeters 
and millimeters. By means of a rubber tube attached to the water- 
supply, cold and hot water® can be poured into the tank and the tem- 
perature tested and regulated either by the tactile sense or by using a 
water thermometer. The tank is emptied through the outflow pipe 
attached to the lower end of the water-gage. To dispel the fear of 
entering a dark reservoir, an electric lamp with a strong reflector 
illuminates the interior of the tank. After the experiment, if necessary, 
the tank can be sterilized. To facilitate thorough draining, the tank is 
placed on a wooden block four inches thick. The entering and the 
leaving of the tank is facilitated by the use of suitable stepladders. It 


7. Herman : Quoted by Buhl in Jlitt. a. d. Pathol. Inst. z. Miinchen., 18/8, 

8. The quality and temperature of the water have no 

on its specific g^ravity. The specific gravity of water at . ‘ jgyi 

40 C. is only 1.00757 (Rossetti, Poggendorff’s Ann. d. "is nil 

V, 268). The difference between distilled water and any other frt.-.h wa 
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need not be remarked that during the experiment the tank contains 
nothing but water and the body whose specific gravity is to be deter- 
mined. 

The Computation of the Content of the Volnmometer . — The solid 
content of a cylinder is computed according to the well-known formula, 
’T r h (in which represents circumference, r radius and h height). 
The diameter of our tank being 64 cm., the radius is 32 cm. The cir- 
cumference is 3.14. Therefore the content of each longitudinal 



The volumometer, an apparatus for determining the specific gravity of the 
human body. 

centimeter of the tank ought theoretically to be 3.14 X 32 X 32 X 1 = 
3,215 c.c. (decimals omitted). On carefully measuring our tank by 
filling it with water from a graduate and noting the number of cubic 
centimeters it required to raise the level 1 cm., it was found that each 
centimeter gave a slightly different reading, but each ten centimeters 
throughout the whole height of the tank gave the same reading, namely, 
3,240 C.C., the difference between the theoretical formula and the actual 
measurements being only 25 c.c. As the difference is practically a neg- 
ligible quantity, the value of 3,240 c.c. for each centimeter of the tank 
was used in my calculations. 
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WHERE DOES THE GAIN OR LOSS IN BODY WEIGHT GO? 

All previous investigators had one end in view, namely, to find by 
means of the difference in the specific gravity the change in the increase 
or the diminution of the bulk of the body as compared to the weight. 
A man weighing, say 176 pounds, when immersed in the tank displaces 
79,380 c.c. of water. His specific gravity will be 1.006. Later the man 
was found to have gained 10 pounds. He has increased in bulk and 
consequently he should displace a larger volpme of water. This is 
found to be so. He displaces 84,000 c.c. His specific gravity is now 
0.990. Or, in other words, when the man weighed 176 pounds he was 
heavier than water ; now that he weighs 10 pounds more he is lighter 
than water. Since the specific gravity of all tissues except faff is 
higher than water, if the increase had been due to the enlargement of 
the muscular or bony tissues his specific gravity would have been the 
same or higher than before. But the specific gravity has-been found 
lower and therefore it is evident that the increase in his bulk was 
primarily due to an increase in his fatty constituents. Such a pro- 
cedure is of diagnostic value. 

It was my endeavor, however, to solve an entirely different prob- 
lem. Let us take the case above referred to of the man having gained 
10 pounds ; the question arises ; How can we locate the gain? In other 
words : How have the 10 pounds distributed themselves over the body;'' 
Have they spread themselves uniformly through the body or not? If 
the additional bulk has not been distributed uniformly, is there a defi- 
nite relative increase in the various sections of the body ? Have o 
pounds been added to the upper extremity and 7 pounds to the lowei 
extremity, or vice versa? The same question is of course applicable 
to a man who has lost 4,536 kg. (10 pounds). As far as I could tiace, 
not only has there never been made an attempt to solve this problem, 
but it has never even been propounded. 

In order to arrive at a solution, I reasoned as follows . A human 
body, being immersed to the knees, will displace a certain volume of 
water, say 5,000 c.c. The same man immersed to the arch of the 
bone will displace 15,000 c.c. Immersed to the arch of the ribs, he \\i 
displace 50,000 c.c. It is evident that the volume of his feet and legs 
will be 5,000 c.c., the volume of his thighs will be 10,000 c.c., and the 
volume of his abdomen from the pubic bone to the arch of the riJs 
will be 35,000 c.c. After the man has gained 10 pounds he is^ again 
immersed in the tank and the same measurements taken. All the rcaf - 
ings will show a perceptible change, from which the calculation 
the relative increase in volume can easily be ascertained. 
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author's method of taking the volumetric measurements of 

THE FIUMAN body 

Before the experiment begins the subject should undergo a physical 
examination. Any deviation from the normal should be noted. The 
bowels should have moved on that day and the urine be voided before 
the experiment. I have limited the measurements to the following: 
(1) the height; (2) the circumference of the chest at the nipple line in 
normal breathing; (3) the circumference of the abdomen at the umbil- 
ical lipe; (4) the spread of the arms from the tip of the fingers of one 
hand to the tips of the other hand ; (5) the distance from the umbilical 
line to the floor; (6) the distance from the nipple line to the floor; 
(7) the distance from the prominence of the thyroid cartilage to the 
floor. 

Immediately preceding the entrance into the tank, the subject 
should be carefully weighed. The tank is filled to the level of 70 cm. 
with warm water at a temperature of about 80 F. The subject climbs 
on the step-ladder and descends into the tank on a small ladder, which 
hangs on hooks from the rim of the tank. The small ladder is then 
removed. The level of the w'ater in the tank is indicated on the water- 
gage. As we know the distance from the umbilicus to the floor, we can 
readily bring the level of the water to the umbilical line either by 
adding or letting out a certain quantity of water. The level of the 
water at the umbilical line is then noted. The small ladder is again 
introduced into the tank and the subject leaves the tank. The level of 
the water in the tank is noted. Deducting the secopd reading from the 
first gives the number of centimeters which the section of the 
body from the umbilicus down has raised in the tank. Multiplying 
this number of centimeters by 3,240 (cubic centimeters to 1 cm. height 
of tank) gives the number of cubic centimeters which the volume of 
the body from the umbilical line down displaced. More water is 
poured into the tank, say to the level of 90 cm. The subject again 
enters the tank and the level adjusted to the measurements of the 
nipple line as per measurements made before the experiment began, 
and the level on the water-gage noted. The subject leaves the tank 
and the lowered level is again noted. The second reading is subtracted 
from the first and the difference multiplied by 3,240 and thus the 
number of cubic centimeters displaced by the volume of the body from 
nipple line down is obtained. Subtracting from this the number of 
cubic centimeters obtained from the displacement of the body from 
umbilical line down we get the amount of water displaced by the vol- 
ume of the body from the nipple line to tlie umbilical line. The same is 
repeated for the section of the body from the prominence of the thyroid 
cartilage to the nipple line. 



Taiiu; of Author's Observations on the Specific Gravity of the Entire Body and on the Specific Equivalent of 

Certain Parts of the Body 
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The last measurement, that of the head, is taken with the body 
immersed to the level of the prominence of the thyroid cartilage. The 
subject is told to hold his breath and duck slowly under the water, the 
assistant watching that head is completely under water. The oscillation 
of the column in the water-gage will go on for a while and settle in a 
few seconds. The observer at the water-gage notes the level and taps 
on the tank which is distinctly heard by the subject and is a signal that 
the experiment is at an end and that he may stand up. In my experi- 
ments I had every subject repeat the last procedure two or three 
limes and the reading was found to differ in from 0.1 cm. to 0.2 cm. 
in some cases, and in others not at all. Of course it is interesting and 
highly instructive to take note also of the volume of the water dis- 
placed in deep inspiration and complete expiration, and compare it with 
the displacement during normal breathing. The whole procedure lasts 
from twenty to thirty minutes. 

REMARKS ON THE AUTHOR'’s EXPERIMENTS 
The volumetric measurements were taken of fourteen individuals, 
four adults (three males and one female) and ten boys, ranging in ages 
between 53 and 8 years; in weight from 79 kg. to 26 kg., and in height 
from 1.71 meters to 1.35 meters. All the measurements were taken at 
7 p. m. before the evening meal. The specific gravity of the entire 
body ranged between 0.976 and 1.049. The average specific gravity of 
the adults was 1.003, and of the boys 1.006. The average specific 
gravity of all individuals examined was 1.005. One of the subjects 
was placed on a certain diet and his displacement measured every other 
day, when he weighed 175, 174 and 173 pounds, respectively.® 

As all my predecessors have made their experiments solely for the 
purpose of taking the specific gravity of the entire body, and therefore 
each person examined had nothing else to do on entering the filled tank 
but to immediately duck his head under the water, the observers 
encountered many difficulties which undoubtedly caused many errors 
in the calculations. The difficulty arises in having the subjects dip their 
heads during normal breathing. The tendency is, in the majority of 
cases, to take a deep inspiration, and, in a few cases, to make a com- 
plete expiration, before plunging. In the former case the reading 
will be too low, and in the latter case, too high. The subjects are 
frightened, anxious, excited. Not so with my method. The individual 
enters the bath and is first immersed to the navel line only, next to the 
nipple line, then to the prominence of the thyroid cartilage. He grad- 
ually accustoms himself to his new surroundings — to the tank and the 
water. Hearing each time the reading of the amount of water which 


9. See table, author’s observations. 
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each section of the body displaces, by the time the last dip is made, the 
immersion of the head, all fear and trepidation vanishes. In fact, all 
my subjects showed a lively interest in the experiment and were rather 
eager to take the last step in the experiment to find out what a “big 
head” they had. Especially interesting and amusing were the experi- 
ments with the boys, which were conducted in groups of two and three. 
They showed no less interest in the experiment than the observer him- 
self. Only one little boy of 8 could not hold his breath long enough to 
permit the reading. of the water level, but the little fellow made half a 
dozen attempts and was in tears when he did not succeed. Some of the 
readings are not recorded on our table because they were not correctly 
taken, or were not taken at all. 

As all my predecessors^ found the average specific gravity of the 
human body either too low (Robertson 0.8706, Suelzer 0.970, Herman 
0.920) or too high (Krause 1.055, Ziegelroth 1.055, Miess 1.012, Meeh 
1.012) as compared with the average specific gravity in our experi- 
ments (1.005), I consider it my duty to defend my results on the 
ground of their greater accuracy. 

My tank has a smaller diameter than any of the vessels hitherto 
used, and because of the smaller diameter the errors in the volumetric 
measurements were necessarily smaller. Take, for instance, the tank 
of Robertson, whose dimensions were 183 cm. long and 76 cm. wide. 
An error in 1 cm. either way would make a difference in the result 
(183) X 76) of 13,908 c.c., a quantity equal in many subjects to the 
displacement of the volume of one-fourth of the whole body. In my 
tank (diameter 64 cm.) an error of 1 cm. wotild make a difference in 
the result (32 X 32 X 3.14) of only 3,240 c.c., or one-fourth compared 
with the same error in Robertson’s tank. 

My observations have demonstrated beyond any doubt that in order 
to reduce the errors to a minimum, the tank must be made of the 
smallest possible diameter compatible with carrying out the experiment. 
The smaller the tank the smaller the error. 

THE PONDER AL INDEX 

One of the properties of living bodies is that of attaining a deter 
minate development, whose limits, in regard to both the quantity of its 
mass and the harmony of its form, are defined by that biologic ua 
cause which is implanted in the' race and transmitted by here ity 
These determinate limits constitute a fundamental biological property. 
One of its descriptive attributes are the limits to be ascertained ^ y 
measure, namely, the mass of the body, and together with its mass, 
anthropologic entirety. 
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The following measurements have been adopted by modern anthro- 
pometrists to determine the form : (1) the total stature; (2) the sitting 
stature; (3) the total spread of the arms ; (4) the circumference of the 
thorax, and (5) the weight. 

Of these measurements stature and weight are the most important. 
Without them we cannot get the true idea of the form of an indi- 
vidual. For instance, if two individuals have the same weight, 65 kg., 
for example, and one of them has a stature of 1.85 meters and the 
other 1.55 meters, it is evident that the first of these two will be very 
thin, because his weight is insufficient, while the second, on the con- 
trary, will have an excessive weight. A stout, robust child will weigh 
less in an absolute sense, than an adult man who is extremely thin and 
emaciated ; but relatively to the mass of his body, he will weigh more. 

But here a difficulty arises. The linear measurements such as the 
stature cannot be compared with volumetric measurements such as the 
weight. It was Galton^ who ingeniously cut the Gordian knot. He 
reduced the volumetric measure — the weight — to a linear measure by 
extracting the cube root from the number representing the weight. 
Then the root of the weight may be compared to the stature reduced 
to a scale of 100. This relative ratio between weight and stature is 
called the ponderal index. The formula may be represented as follows : 

H : VV:;100:X (where H represents the height, 

W the weight, X the ponderal index) ; 

Hence 

100 V~w 

Ponderal index ~ 

H 

This formula represents an index which is serviceable for practical 
purposes in the absence of a better one. But since the body does not 
consist of a homogeneous material I contend that the weight represents 
the sum of parts differing one from another, the difference in this 
instance being the specific gravity. For it makes a great difference 
whether a large proportion of the weight is adipose tissue, brain, or 
striped muscle. Each of the organs has its special specific gravity. It 
is evident, therefore, that neither the total weight of the body nor its 
.stature, either separately or relatively, gives us an idea of its volume, 
less so of its constituent parts. 

Let us take the case of two men weighing the same, say 64 kg., and 
measuring the same length, 150 cm. Both will have as a matter of 

3 

. V 64 

course the same ponderal index ( forms 


10. Livi’s Tables of Ponderal Index in Montessori’s Anthropology. 
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msy diiicr, bcc&usc one is thin 3,ncl m&kes up the weight in muscle, snd 
the other is stout and makes up the weight in fat. The cubic root 4 of 
the weight 64 is after all an empirical number. On the contrary, by 
taking the weight of the human body in the air and then measuring the 
amount of water which the body displaces, we obtain two exact meas- 
urements, that of weight and that of volume, the ratio of which — the 
specific gravity — represents the natural and the only ponderal index 
of the human body. 

I recognize the fact that with our present insufficient knowledge of 
the relative weight and specific gravity of each of the component 
parts of the human body, we cannot as yet construct a formula which, 
like that of Archimedes, would give us the respective quantities of the 
human alloy. And yet I believe that the time is dawning when the 
anatomists and the pathologists will pay more attention to the weight 
and specific gravity of every tissue and organ of the human body, 
and out of the thousands of observations certain definite laws will be 
deduced which will make it possible to tell from the weight, volume and 
stature the exact proportion of the weight of at least the three com- 
ponent parts, the musculature, fat and bone, just as it is possible to tell 
the weight of each component of an alloy if its total weight and the 
specific gravity of each component part is known. 

It is evident that the factor of stature is of equal importance with 
weight and volume, and therefore the ponderal index which I advocate, 
namely, the specific gravity, must be based on the three measurements. 


The following formula for a new ponderal index, which shall include the 
trinity of anthropometric measurements — weight, volume and stature, has been 
suggested by a friend : 


Let P = ponderal index, W = weight, w = weight per uni t 

^ ^ 100 ^ W 

height. Then, according to Galton^s fgrmula P= II J 


volume^ V = volume, 
but since W = Vw, 


H = 
P = 


^ But w = Swo, where S = specific gravity and wo the weight per unit volume of 

H 

100 VSwo Af JO p — 0 9987 crams per 
standard substance (water), whence P = 4 C., o 

cubic centimeter, in other words wo is practically 1 gram, whence P tj * 


THE SPECIFIC EQUIVALENT GR^WITY 

We have referred elsewhere to difficulty experienced by various 
observers in havdng their subjects dip their heads under w'^ater witi tt 

normal amount of air in their lungs. ^ , i .• tiif. 

Wengler^^ endeavored to obviate this difficulty by having 
immersed person breathe normally while under w'ater throUt,h a 


11. Virchow’s .A-rch. f. path, anat., 1896, c.xlvi, p. 456. 
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having an outlet from nose and mouth into the air. Meeh^- thought he 
could obviate this difficulty by measuring the quantity of air inspired 
and expired by means of the spirometer, and then adding the result. 
Both procedures increase the technical difficulties. Jamin and 
Mueller^^ have therefore devised a method of procedure for the estima- 
tion of the specific gravity of the body which is free from the objec- 
tions above referred to, which consists in taking the specific gravity of 
the body without obliging the person to dip his head under the water. 
Their procedure is as follows : The person to be measured is seated in 
the tank, the surface of the water being at the chin anteriorly and at the 
border of the hair-growth posteriorly. If we divide the weight of the 
body by the volume of water displaced when the body is in this position, 
Jamin and Mueller claim that the quotient, which practically differs 
from the specific gravity of the body, yet relatively furnishes a constant 
which gives the relation of weight to volume. The volume of the body, 
excluding the head, they named the equivalent volume. The quotient 
of the weight of the body and of the equivalent volume they call the 
.'specific equivalent gravity. 

I have already stated that by following my method of gradual 
immersion beginning first with the umbilical line, then the nipple line, 
etc., I did not find any difficulty in having the subjects dip their heads 
while their lungs were filled with the normal quantity of air. I have 
adopted the specific equivalent gravity of Jamin and Mueller for the 
reason that the measurements of any part of the body will give con- 
stants and after the number of observations has multiplied will give, 
to use Davy’s expression, “information curious and useful.” I have 
indicated in the table the specific equivalent gravity in all experiments. 

SUMMARY 

1. Next in importance to the weighing of the body in the air comes 
the measuring of the body in water. The first gives us the idea of the 
mass and the second of the volume. One is not complete without the 
other. 

2. The smaller the diameter of the apparatus the more accurate 
will be the results. The future apparatus must have the smallest 
diameter compatible with carrying out the measurement of the volume 
of the body. 


12. Meeh : Ztschr. f. Biol., 1879, xv, 425. 

13. ^liinchen. med. W chnschr., 1903, i, 1454. 
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3. It is possible to measure the volume of separate sections of 
the body. 

4. Our conception of the ponderal index must be changed. It 
should consist primarily of the ratio of weight to volume and refer 
secondarily to stature 

5. The further study of the subject of specific gravity will reveal 
many new and valuable facts which will have a practical bearing on 
biology, anthropometry and metabolism. 

6. I venture to prophesy that the armamentarium of the future 
physician will include next to the scales, a specific gravity apparatus. 

1421 Court Place. 
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BOOK REVIEW 


Chemical Pathology. Being a Discussion of General Pathology from the 
Standpoint of the Chemical Processes Involved. By H. Gideon Wells, Ph.D., 
M.D,, Professor of Pathology in the University of Chicago and in Rush 
Medical College, Chicago. Second Edition, thoroughly revised. Cloth, 
pp. 616. Price $3.25 net. Philadelphia and London ; W. B. Saunders Com- 
pany, 1914. 

A comparison of the second edition of Dr. Wells’ chemical pathology with 
the first edition, published seven years before, gives interesting evidence of the 
lines along which the chemical study of disease has progressed and an equally 
striking demonstration of the scantiness of our knowledge of the exact chemi- 
cal nature of the complex substances concerned in the production of disease and 
in the organism’s defense against it. Dr. Wells does not confine himself to a 
statement of actual chemical knowledge of pathological lesions and processes 
in the strict sense, but gives a short survey of the chemistry and physics of 
the cell, of the nature and action of enzymes and anti-enzymes, and of bacteria 
and animal parasites and the poisons produced by them, as well as the poisons 
manufactured by the higher animal organisms. 

In these earlier chapters one notes as new especially the discussion of the 
doubly refractive lipoids and the myelins of the cell, the recent acquisitions in 
knowledge of anti-enzymes, including Abderhalden’s theories, and studies of 
catalase and anticatalase. There is much new material on autolysis and a very 
interesting discussion of the correlation of histological and chemical changes 
in autolysis. 

The chapters dealing with the chemistry of the immunity reactions, while 
excellent short presentations of present knowledge and theories, show most 
clearly how little these essentially chemical phenomena have been reduced to 
chemical terms. For the most part these chapters might have appeared equally 
well in a book on immunity or general pathology, not written from the chemical 
point of view. The substances involved are still almost wholly hypothetical 
and of unknown chemical constitution. Vaughan’s protein split products 
approach nearest to definite chemical entities. Friedberger’s so-called anaphyl- 
atoxin and Abderhalden’s Abtvehrfennente receive consideration. These chap- 
ters are placed in a new position in the book and are brought wholly up to date. 
The discussion of the body’s chemical defense against non-protein poisons shows- 
a comparatively small advance in knowledge. 

Then follow chapters dealing with the various pathological processes. That 
on inflammation is to a small extent chemical. In the discussion of circulatory 
disturbances and diseases of the blood the chief addition to chemical knowledge 
has been the study of the H-ion concentration by Roily’s gas chain method and 
Henderson’s simpler ones. The most recent theories of fibrin formation, includ- 
ing Howell’s, are discussed, but here again, as in the immunity reactions, real 
chemical substances have not been isolated. 

In the chapter on edema the recent studies of colloid chemistry, including 
Fischer’s theorjq receive consideration. Of the actual composition of edematous 
fluids, however, nothing more seems to be known. The nature of the retro- 
gressive pathological changes has received much more satisfactory chemical 
elucidation, and the discussion of the relation of the lipoids to fatt}’ metamor- 
phosis shows that real progress has been made. For the clinician a fuller pre- 
sentation of the work on cholesterol in the blood and tissues would have been 
desirable. The exact chemical nature of amyloid appears as much of a riddle 
as ever. 
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The chapter on calcification, concretions and incrustations has been lar^elv 
rewritten, and as this is a field in which Dr. Wells has himself made lar-e c'^on- 
tributions, the discussion is especially excellent. 

Little new has been added to the knowledge of pathological pigments, except 
in the case of ochronosis and the iron pigments. 

In the study of tumors chemists have been especially active, and new knowl- 
edge on tumor^ enzymes, hemolytic substances produced by neoplasms and the 
immunity reactions of tumors is well given. In their chemical composition the 
study of the fatty constituents of hypernephromas is the chief advance. 

The last four chapters deal with metabolic abnormalities or diseases. Uremia 
and eclampsia receive considerable attention, and the knowledge derived from 
the study of the blood during life by clinicians is the main evidence of progress. 
The actual chemical causes of these intoxications, however, are still undiscovered. 
^Acid intoxication and diabetic coma are well presented. Dr. Wells still holds 
To beta-oxybutyric acid as the mother substance of the acid bodies, though 
recognizing from Dakin and Wakeman's work the probability that the conver- 
sion of beta-oxybutyric and aceto-acetic acids into one another is reversible. 
Evidence seems to be accumulating that in all probability aceto-acetic acid is 
the actual precursor of beta-oxybutyric acid. The chapter as a whole has been 
rewritten and brought up to date. The newer studies of the inborn errors of 
metabolism, alkaptonuria and cystinuria, which have been so thoroughly 
described by Garrod, are well discussed. The so-called gastro-intestinal auto- 
intoxication receive very sane treatment. 

In the domain of the ductless glands the chief contributions to chemical 
knowledge concern the thyroid, but the clinical work is satisfactorily presented 
in brief, Cushing's studies of the h3'pophysis being especially notable. Wells 
maintains a properly critical attitude toward the different problems presented 


by the adrenals. 

A few additions to the real knowledge of uric acid formation and destruction 
and of the uric acid content of the circulating blood by Folin's new colorimetric 
method have made the problem of the causation of gout no more intelligible. 
The concluding chapter on diabetes by Woodyatt is an illuminating presenta- 
tion of facts and theories and adds greatly to the value of the book. ^ 

One misses any reference to the pathological problems of nutrition. The 
pathology of growth, of obesity or of the nutritional or deficiency diseases w ici 
are at the present time receiving so much study is not mentioned. Vitamins 
would seem as much entitled to a place in chemical pathology 
or opsonins, and one would hope that in a future edition Dr. We s rnip i 
expand the scope of his work to include these fields, in tietcieniica 

study of metabolism is proving especially fruitful. He also fai s to me u ^ 
pathological alterations in the total metabolism as revealed by irec an in i 
calorimeter studies of fever. The book is especially strong t ere , 

presentation of chemical post-mortem pathology that ^ , mthoV 

anatom\^ — though presenting satisfactorily those portions o le c "refer- 

ogy of disease in the living which are considered. It is a nios ^ ‘ stiidv of 
ence book for tho clinician or pathologist interested in the chem.cal study o. 

disease and contains an excellent bibliography. 
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from various sources in sixteen cases, including five of heart disease, 
states that it was never found to have any effect as regards slowing die 
pulse. ^Piersol-^ reports but slight effect from the administration of 
fiom la to 25 drops of the tincture of aconite four times a day to a 
patient with high blood-pressure, and he is led to question the efficiency 
of the ordinary doses of the preparation. 

experience with the tincture of aconite as a means of lowering 
the pulse-rate was obtained in an attempt to influence the tachycardia 
of exophthalmic goiter. A study of this condition was undertaken on 
the hypothesis that the tachycardia resulted from a lack of balance 
between the cardiac accelerators and the vagi and that if the so-called 
vagus tone could be increased, the cardiac rate would diminish. The 
attempt to increase the vagus action by means of drugs was but part 
of the study, and evidence of abnormalities in the nervous control of 
the cardiac rate was obtained. These, however, will not be discussed 
at present, as the unexpected results of the administration of aconite 
prevented the completion of the study. 

The tincture of aconite was administered in five cases of exoph- 
thalmic goiter, three of which were moderately severe, while two were 
mild. All of the patients had enlarged thyroids and tremor, while 



Fig. 1. — Electrocardiogram (Lead 2) showing effect of stimulation of the 
right vagus nerve by pressure before the administration of the tincture of 
aconite was begun. Case 2. The R waves in all records have been retouched. 


exophthalmos was very marked in two, moderate in two and absent in 
one case. The pulse-rate after several days’ rest in bed ranged from 
110 to 120 beats per minute in one case, from 90 to 100 in two, and 
from 85 to 95 in two cases. In order to ascertain any effect the tincture 
of aconite might have on the heart in these cases, the pulse-rate was 
studied under various conditions, both before and during the adminis- 
tration of the drug. These conditions consisted of rest in bed immedi- 
ately after a constant amount of moderate exercise, and after adminis- 
tration of full doses of atropin. The response of the heart to vagus 
stimulation by pressure was recorded by means of electrocardiograms, 
and blood-pressure observations were made daily under as constant 

4. Piersol : The Management of High Blood-Pressure, Therap. Gaz., 1913, 
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conditions as possible. Any symptoms which the drug might cause 
were watched for. 

Besides aconite, the effect of physostigmin in these cases was also 
studied, Winterberg® has shown experimentally that vagus stimulation 
is more effectual after the administration of this drug, which acts 
peripherally as regards the vagi, either on the vagus endings or on the 
heart itself. He suggested that physostigmin might prove useful in 
cases of tachycardia resulting from lowered vagus tone, and Kauf- 
mann'^ reported favorable results from its use in cases of tachycardia, 
although it was ineffectual in several cases of exophthalmic goiter. 
Physostigmin salicylate in a 1 per cent, solution was administered to 
four of the five patients whom we studied, from 3 to 6 drops three 
times a day being given. In two cases this drug was given simultane- 
ously with the tincture of aconite. The drug produced indefinite dis- 
agreeable sensations with dizziness and faintness before any effect on 
the cardiac rate was observed, so that its use was discontinued. 

The tincture of aconite employed was obtained directly from a firm 
of manufacturers that has given especial attention to the preparation 



Fig. 2. — The effect of right vagus stimulation when the patient was receiv- 
ing 7 c.c. tincture of aconite six times a day. Abnormal ventricular complexes 
are seen during vagus stimulation. Case 2. 


of the tincture. The manufacturers cooperated in every way by fur- 
nishing the date of chemical assay and all details as to its preparation, 
as well as suggesting methods of further testing their product. Their 
assay done shortly before the tincture was obtained showed that it 
contained 45 mg. aconitin to 100 c.c., thus fulfilling the requirements 
of the last U. S. Pharmacopeia. The administration to the patients 
was begun in doses prescribed by the Pharmacopeia, that is, 0.6 c.c. 
(10 drops) three times a day, 0.27 mg. aconitin being given at each 
dose. As this dose produced no untoward symptoms and had no effect 
on the pulse-rate, it was gradually increased until very large doses were 
administered. The dose in four cases was finally increased to 10 c.c. 

5. Winterberg; Ueber die Wirkung des Physostigmin auf das Warmbluter- 
herz, Ztschr. f. exper. Path. u. Therap., 1S07, iv, 636. 

6. Kaufmann: Physostigmin in Tachycardia, Wien. klin. Wchnschr., 1912, 

XXV. 
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(approximately 150 drops) six times a day, and in one case to 7 cc 
(approximately 105 drops) six times a day. Four patients were thus 
receiving fifteen times the official dose. Instead of receiving 0.27 mg 
aconitin, they were supposed to have received 4.5 mg. per dose or 
27 mg. in twenty-four hours. This is thirty times the average dose 
prescribed by the last XJ, S. Pharmacopeia, though, as will be seen 
later, they did not receive quite so large an amount of aconitin. The 
rate at which the doses were increased varied in the different cases, 
and the maximal dose was reached in from two to six weeks from the 
onset of the administration. 

The effects of these very large doses will be discussed later, but it 
c s e to say that no subjective symptoms were observed, , and 
no slowing of the pulse-rate or lowering of the blood-pressure occurred. 

In order to determine the reason why the tincture of aconite did not 
produce the effects which would be expected from the pharmacologic 
action cf aconitin, the tincture was reassayed chemically and a physi- 
ologic assay was done. 



Fig. 3. — The effect of right vagus stimulation eight days after the last dose 
of tincture of aconite. Abnormal ventricular complexes do not occur. Case 2. 


The chemical assay was kindly undertaken by Dr. C. W. Ballard of 
the College of Pharmacy of the City of New York, Columbia Univer- 
sity, to whom I wish to express my gratitude. Dr. Ballard made four 
assays of the same lot of the tincture which the patients received, using 
100 c.c. for each assay. The results indicated by the four assays 
were as follows: 

Sample “A” contained 0.03648 gm. aconitin per 100 c.c. 

Sample “B” contained 0.03648 gm. aconitin per 100 c.c. 

Sample “C” contained 0.03968 gm. aconitin per 100 c.c. 

Sample “D” contained 0.03776 gm. aconitin per 100 c.c. 

The average of the four samples, as indicated by the assay, \\as 

0.03760 gm. aconitin per 100 c.c. 

It is thus evident that, on the basis of the U. S. P. method o 
assay, when the tincture of aconite reached Dr. Ballard’s laboratory^, 
it contained approximately 38 mg. aconitin per hundred c.c. or S4.4 
per cent, of the aconitin required by the U. S. Pharmacopeia ( a 
mg.). The lack of activity of the tincture could not, therefore, 
ha'^^e been caused by this moderate diminution of the acomtm con- 
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tent, and the analyses showed that the manufacturers had approxi- 
mately fulfilled the only standard required by the U. S. Pharmacopeia 
for the tincture of aconite, namely, the aconitin content as shown by 
chemical assay. 

The physiological assay was carried out by the method described 
by Roth,'^ and consisted in determining the minimal lethal dose of the 
tincture of aconite for guinea-pigs. The guinea-pigs were weighed and 
divided into two parallel series, two animals always receiving the same 
dose. The tincture was given subcutaneously under the skin of the 
abdomen in increasing doses and was at first used in a 1:50 dilution. 
According to Roth, 0.00036 c.c. per gram body weight is the lethal dose 
of the tincture for guinea-pigs. The first experiment was therefore 
performed as shown in Protocol 1, a dilution of 1:50 being used: 

PROTOCOL 1. — Physiological Assay of Tincture of Aconite, 

Experiment 1 

First Series Second Series 




Amount 

C.C. 



Amount 

C.C. 


Weight 

'Injected 

Tincture 


Weight 

Injected 

Tincture 

No. 

gm. 

c.c. 

per gm. 

No. 

gm. 

c.c. 

per gm. 

1 

300 

2.5 

0.00030 

1 

290 

2.5 

0.00034 

2 

320 

3.0 

0.00037 

2 

250 

2.5 

0.00040 

3 

280 

3.5 

0.00050 

3 

250 

3.0 

0.00048 

4 

320 

4.5 

0.00056 

4 

250 

3.5 

0.00056 

5 

300 

4.5 

0.00060 

5 

220 

3.5 

0.00064 

6 

270 

4.6 

0.00068 

6 

220 

4.0 

0.00073 


The guinea-pigs were observed for one hour and then at the end of 
twelve hours. All survived. The doses administered to the guinea- 
pigs were gradually increased, the dilution of the tincture being dimin- 
ished until finally undiluted tincture was employed. It was found that 
although the drug was at times fatal, guinea-pigs often survived as 
much of the tincture of aconite as could be conveniently introduced 
under the skin of the abdomen. This is shown by Protocol 2. 

PROTOCOL 2.— Physiological Assay of Tincture of Aconite, 

Experiment 2 

First Series 


No. 

Weight 

gm. 

Amount 
Injected, c.c. 

C.C. 

Tincture 
per gm. 

Result 

1 

300 

1.2 

0.004 

Survived twelve hours 

2 

300 

1.8 

0.006 

Died in six hours 

3 

300 

2.4 

0.008 

Survived twelve hours 

4 

300 

3.0 

0.010 

Died in six hours 

5 

300 

3.6 

0.012 

Survived twelve hours 

6 

270 

3.8 

0.014 

Died in twelve hours 

7. 

Roth : The 

Physiological Assay 

of Aconite, 

Jour. Am. Pharm. Assn., 


1913, ii, 705. 
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No, 

1 

2 

3 

4 

5 


Pi^OTOcoL 2. — Coiitiiiucd, — Second Series 


Weight 

Amount 

C.C. 

Tincture 

gm. 

Injected, c.c. 

per gm. 

350 

1.4 

0.004 

350 

2.1 

0.006 

320 

2.6 

0.008 

280 

3.0 

0.010 + 

300 

3.6 

0.012 


Result 

Survived twelve hours 
Survived twelve hours 
Survived twelve hours 
Survived twelve hours 
Survived twelve hours 


Guinea-pigs thus survived 0.012 c.c. of the tincture of aconite per 
gram body weight. As this tincture contained 0.000376 gm. aconitin 
per c.c., according to Dr. Ballard’s analysis, these guinea-pigs survived 
0.0000045 gm. aconitin per gram body weight. None of the guinea- 
pigs in these experiments had been given injections of the tincture 
previously. 

Crystalline aconitin obtained from the same drug firm was tested 
by the same method. One-tenth of a gram of aconitin was dissolved 
in 100 c.c. of 2 per cent, acetic acid and then made up to a 1 : 100,000 
solution with .sterile 0.85 per cent, sodium chlorid solution. Protocol 3 
demonstrates that the minimal lethal dose of the aconitin is at least 
0.0000001 gm. per gram guinea-pig. 


PROTOCOL 3. — Physiological Assay of Tincture of Aconite, 

Experiment 3 

First Series 
Amount Aconitin 

Injected, c.c per gm. Result 

0.S5 0.000,000,025 Survived 12 hours 

1.10 0.000,000,050 Survived 12 hours 

1.65 0.000,000,075 Survived 12 hours 

2.00 0.000,000,100 Died in 35 minutes 

2.50 0.000,000,125 Died in 30 minutes 

Second Series 
Weight Amount Aconitin 

No. gm. Injected, c.c per gm. Result 

1 200 0.5 0.000,000,025 Survived _ 

2 200 1.0 0.000,000,050 Died in 7o minutes 

3 190 1 4 0.000,000,074 Died in 70 minutes 

4 180 1.8 0.000,000,100 Died in hours 

5 170 2.1 0.000,000,124 Died in 6o minutes 

The guinea-pigs had not received previous injections. 

It is seen, therefore, that the guinea-pigs survived a dose of 
tincture of aconite which, if the U. S. P. assay method were 
relied on, would' have contained forty-five times the minimal let la 
dose of crystalline aconitin. 

To determine whether the presence of the alcohol of the tincture 
could be a factor in diminishing its toxicity by decomposing tic 
aconitin, the following experiment was performed : Into 66 per cen . 
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alcohol, the percentage contained in the tincture, crystalline aconitin 
was introduced in the same amount as that found in the tincture 
administered to the patients. This alcoholic solution of aconitin was 
allowed to stand several days, when it was found that the toxicity 
of the aconitin was the same as that in aqueous solutions. The alcohol 
of the tincture was apparently not, therefore, a factor in diminishing 
the toxicity of the solution by decomposing the aconitin contained in it. 

The experiments show definitely that there was such a marked 
difference between the toxicity of the substance in the tincture giving 
the chemical tests for aconitin and of crystalline aconitin that the 
two substances cannot be considered identical. Guinea-pigs survived 
at least forty-five times as much of the former as of the latter. In 
fact, the dose of the tincture of aconite which would invariably prove 
fatal was not determined. It is therefore evident that the surprisingly 
large doses of the tincture of aconite produced no symptoms in 
patients because it did not contain a substance with the activity of 
crystalline aconitin, although the chemical assay as required by the 



Fig.^4. — Electrocardiogram (Lead 2) showing the effect of stimulation of 
the left vagus nerve by pressure when the patient had received 10 c.c. tincture 
of aconite six times a da 3 " for five days. Abnormal ventricular complexes dur- 
ing vagus stimulation. Case 3. 

U. S. Pharmacopeia indicated that such a substance was present. The 
cause of this inactivity of the tincture of aconite is not explained. 

These facts are brought forward to emphasize the necessity of 
physiological assays of all drugs which can be so standardized, and 
also to point out the importance of determining the quality of drugs 
used before conclusions are drawn as to their effects or the absence of 
effects. The importance of the so-called “bio-assay” has been pointed 
out by Wood,® who states that the Pharmacopeia requires physiologic 
standardization of only fifteen drugs out of fifty-three in which such 
a standardization is possible. 

It was previously stated that the large doses of the tincture of 
aconite produced no subjective symptoms in the five patients with 
exophthalmic goiter to whom they were administered, and that no 

S. Wood : The Purpose and Limitations of Bio-.\5sav, Jour. Am. !Med. Assn,, 
1912, lix, 1433. 
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slowing of the pulse-rate or lowering of the blood-pressure occurred. 
In four of the five cases, however, there was observed an abnormal 
response of the heart to vagus stimulation when the patients were 
' receiving the largest doses of the tincture. Electrocardiograms taken 
during stimulation by pressure over the left or the right vagus before 
the drug was administered showed, in all cases, stoppage of the whole 
heart, except that occasionally with left vagus pressure, waves of 
auricular activity appeared independently (Fig. 1). When these pro- 
cedures were repeated during the administration of maximal doses, the 
electrocardiograms show that in four cases the response to vagus 
.stimulation had changed. Instead of the absence of waves of ven- 
tricular activity during vagus stimulation, there appeared ventricular 
waves of abnormal form, indicating that ectopic ventricular contrac- 
tions (extrasystoles) occurred during quiescence of the auricles 
(Figs. 2 and 4). This abnormal response to vagus stimulation dis- 
appeared in all the cases when the drug was stopped (Figs. 3 and 5). 
It is evident, therefore, that the large doses of the tincture of aconite 
had an effect on the heart, rendering the ventricles more ready to 



Fig. 5. — The effect of left vagus stimulation four days after the last dose 
of tincture of aconite. Abnormal ventricular complexes do not occur. Case 3. 


contract spontaneously. In other words, the drug apparently increased 
the irritability of the ventricles. 

This effect of the tincture of aconite on the human heart, apparent 
only during vagus stimulation, resembles the second stage of aconitm 
action described by Matthews. Similar effects of aconitin on the 
mammalian heart have been described by Cushny,'’ who found that 
under the effect of the drug, normally inactive points in the heart take 
on the power of originating stimuli, the irritability of each part of the 
heart being augmented. 

SUMMARY 

During a study of the tachycardia of exophthalmic goiter, it was 
found that very large doses of the tincture of aconite produced no sub 
jective .symptoms and no slowing of the heart rate. Doses of 10 c.c. 
(approximately 150 drops) were given six times a day. An attempt to 
augment the action of aconite by physostigmin was not successful. 
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Although the chemical assay showed that the tincture used did not 
fulfil the Pharmacopeial requirements as regards its aconitin content, 
the discrepancy was not sufficient to account for the impotency of the 
drug. The physiologic assay showed that the minimal lethal dose for 
guinea-pigs of a substance giving the chemical tests for aconitin con- 
tained in the tincture was at least forty-five times as large as that ' 
of crystalline aconitin, and that the alcohol of the tincture apparently 
played no role in diminishing the toxicity of the solution by decom- 
posing the aconitin. This substance in the tincture can hardly, there- 
fore, be considered identical with crystalline aconitin. These facts 
emphasize the necessity of physiological standardization of the tinc- 
ture of aconite, which is not now required by the Pharmacopeia. 
Evidence was obtained that the maximal doses of the tincture of 
aconite rendered the ventricles more liable to spontaneous contrac- 
tions, apparently increasing their irritability. 

Washington University Medical School. 

9. Cushny: Irregularities of the Mammalian Heart Observed Under Acon- 
itin and on Electrical Stimulation, Heart, 1909, i, 1. 



NUCLEAR DIGESTION AND URIC ACID EXCRETION IN 
A CASE OF TOTAL OCCLUSION OF THE 
PANCREATIC DUCT* 

DANA W. ATCHLEY 

BALTIMORE 

The digestion of nuclear material and the production of purin 
bases therefrom has been discussed from three points of view: (1) the 
morphological destruction of the nucleus; (2) the digestion of the 
so-called nucleoproteids and nucleins; and (3) the splitting of nucleic 
acid. The localization of the third stage, namely, nucleic acid diges- 
tion, has been unquestionably settled by the demonstration of a 
nuclease in the erepsin of a dog (Nakayama,^ 1904) and of its absence 
from the gastric and pancreatic juices (Levene and Medigreceanu,- 
1911). Confirmatory evidence is afforded by the work of London and 
Schittenhelm^ (1910) who found no difference in the nucleic acid 
metabolism of a normal dog as compared with animals in which the 
stomach or the pancreas had been removed, or those with a ligated 
pancreatic duct. 

The morphological destruction of the nucleus has been the subject 
of much controversy since the statement of Adolf SchmidP (1899) 
that the presence of undigested nuclei. in the muscle fibers found in the 
feces was an evidence of decreased or absent pancreatic function. On 
this finding, Schmidt based a clinical test consisting of the feeding of 
small pellets of muscle tissue enclosed in silk bags. He recovered the 
tissue from the stool, sectioned, stained and examined it for nuclei. 
Intact nuclei were considered evidence of pancreatic achylia. Kashi- 
wado“ (1911) modified this test by using thymus nuclei isolated by 
gastric digestion and stained with hematoxylin — these nuclei were 
mixed with lycopodium spores and administered in capsules. Kashi- 
wado found in test-tube experiments that neither gastric juice (dog), 
extract of duodenal mucosa or duodenal juice would digest the nuclei, 
whereas pancreatic juice quickly accomplished this result. Strauch'* 
(1910), using muscle tissue, confirmed Kashiwado’s results with the 

* Submitted for publication Dec. 3, 1914. 

* From the Medical Clinic of the Johns Hopkins Hospital. 

1. Nakayama: Ztschr. f. physiol. Chem., 1896, xli, 348. 

2. Levene and Medigreceanu : Jour, physiol. Chem., 1911, ix, 6a. 

3. London and Schittenhelm : Ztschr. f. physiol. Chem., 1910, l.x.x, 

4. Schmidt: Deutsch. med. Wchnschr., 1899, No. 49, p. 811. 

5. Kashiwado: Deutsch. Arch. f. klin. Med., 1911, civ, 584. 

6. Strauch: Deutsch. Arch. f. klin. i\Ied., 1910, ci, 128. 
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exception that juice pressed from the intestinal wall seemed to have a 
slightly destructive effect on the nuclei, and Fronzig' (1913), using the 
nuclei of frog’s blood, held that his results agreed with the fundamental 
principle of the Schmidt test. There has, however, been a great deal 
of evidence pointing to an opposing view. Glaessner and Popper® 
(1908) found that easily stainable nuclei persisted after digestion with 
the juice obtained from a pancreatic fistula in a girl of 17, while Plesse,® 
as a result of test-tube experiments and of the insertion of a muscle 
cube into the stomach (1910), claims that gastric juice will digest 
nuclei. Van WestenrijlP® (1911) says that, in the dog, muscle 
tissue is digested en -masse in the gastro-intestinal tract, and he holds 
that muscle tissue without nuclei is never to be found, no matter how 
the factors of digestion be varied. The clinical experience of many 
observers (Leech,^^ PratP" and others) has been that the Schmidt test 
is in no way a dependable one, but the author of the test still (July, 
1914) considers it of great value. 

It was formerly held that the so-called nucleoproteid was a distinct 
entity, and several observers (PopoftV® 1894; Milroy,^'^ 1896) demon- 
strated to their satisfaction that this hypothetical substance was not 
split by gastric digestion, whereas it was by pancreatic. Even in the 
1914 edition of his Lehrbuch der Physiologischen Cheniie, Abderhalden 
assumes two stages of nucleoproteid digestion : first, the formation of 
“nuclein” from nucleoproteid, accomplished by the stomach, and, sec- 
ondly, the splitting of “nuclein” into nucleic acid and protein by the 
activity of the pancreatic juice. This theory of two distinct combina- 
tions of nucleic acid with protein has been quite definitely disproved by 
the work of Umber^"^ (1901), who showed that any nucleoproteid is 
easily split by pepsin or trypsin with the liberation of nucleic acid. 
Further proof is given by Walter Jones, who demonstrated that the 
combination of nucleic acid with a protein is merely that of a weak 
base and a weak acid and is easily reproduced in the test-tube. 

When a patient on the medical service of the Johns Hopkins Hos- 
pital (whose history is reported below) was found to have a complete 
absence of pancreatic secretion in the intestinal tract, the idea was 
conceived that by feeding thymus gland and estimating the increased 

7. Fronzig: Ztschr. f. klin. jNIed., 1913, Ixxvii, 84. 

S, Glaessner and Popper: Deutsch. Arch. f. klin. Med.. 1508. xciv, 46. 

9. Hesse: Ztschr. f. exper. Path. u. Therap., 1910, vii, 91. 

10. Van Westenrijk : Ztschr. f. exper. Path. u. Therap. 1911, viii, 353. 

11. Leech: Practitioner, 1911, Ixxxvii, 631. 

12. Pratt: Am. Jour. Med. Sc., 1912, cxliii, 313. 

13. Popoff : Ztschr. f. physiol,, Chem., 1894, xviii, 534. 

14. Milroy: Ztschr. f. physiol. Chem., 1896, xxii. 307, 

15. Umber: Ztschr. f. klin. Med., 1501, xliii, 282. 

16. Jones, Walter: Nucleic .A,cids (Monographs on Biochemistry, 1914). 
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output of uric acid in the urine, the possible necessity of the pancreas 
to any stage of nuclear digestion could be conclusively demonstrated. 
It has long been known that approximately 50 per cent. o£ ingested 
purins is excreted in the urine (Weintraud,^" 1895, and others). 


CASE REPORT 


The patient's history and the clinical findings were as follows: 


History. — M. W., aged 42 (Med. No. 33,205), a Russian Jew, married, was 
admitted to the hospital Oct. 20, 1914.' The family and personal histories were 
unimportant. The patient complained of a persistent, painless jaundice (with 
one slight remission in the first month) lasting for nine months and accom- 
panied by dark urine, rather frequent, soft, clay-colored stools, and 90 pounds 
loss of weight. 


Examination . — On examination he was found to be a large-framed man, 
fairly nourished, but whose skin corroborated the statement of loss of weight. 
The skin and conjunctivae were intensely jaundiced. The heart and lungs were 
negative. The liver was large, extending from the sixth rib to the crest of 
the ilium in the nipple line, smooth, firm and sharp-edged. The gall-bladder 
was definitely palpated projecting about 2 inches below the liver margin. No 
other masses were felt; there were no signs of collateral portal circulation. 
The reflexes were normal. Rectal examination was negative. The temperature, 
pulse, respiration and blood-pressure were normal. 

Blood: White blood-cells, 13,360; polymorphonuclears, 71 per cent.; hemo- 
globin (Sahli), 83 per cent.; fragility of the red blood-cells, normal; Wasser- 
mann reaction, negative; Widal reaction, negative. 

Urine : Dark-brown ; trace of albumin ; few granular casts ; bile tests 
strongly positive. 

Stools ; Large soft, clay-colored, frequent (while in the hospital the patient 
averaged three stools daily). Microscopically, marked increase of neutral fats 
and fatty acids, with the neutral fat clearl}'’ predominant; many undigested 
muscle fibers ; hydrobilirubin, negative. 

Calmette tuberculin test (1 per cent, and 5 per cent), negative. 

Gastric Analysis: No free HCl; total acidity, 9; no blood or lactic acid, 
much yeast. 

The special pancreatic tests were as follows : 

Duodenal contents were obtained with an Einhorn tube and the ferment 
activities determined by the methods of T. R. BrownJ 

Trypsin, absent (digestion with 1 per cent, casein solution).^ 

Lipase, absent (digestion with 1 per cent, nionobutyrin so utionL 
Diastase, trace, probabl}’' salivary (digestion with one-tent i per cen . 
soluble starch). 


Feces : Brown’s^ technic was used here also. 

Trypsin, absent. 

Lipase, trace; probably from the lower intestinal tract. 
Diastase, absent. 

Urine: Diastase, 50 units (high) by Brown’s” method. Trypsin, 
Schmidt-Kashiwado nuclei test, negative (spores recovered;. 
Blood sugar, 100 mg. per 100 c.c. (normal). 

Carbohydrate Tolerance: 100 gm. glucose gave no gjeosu 


absent. 


17. Weintraud: Berl. klin. Wchnschr., ... -Jgi. 

18. Brown, T. R.: Johns Hopkins Hospital Bulletin, 1914. x.xv. -\o. -o 
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Ihe patient was discharged Nov. 4, 1914, with the diagnosis of “carcinoma 
of the head of the pancreas, obstruction of. the common bile duct and obstructive 
cirrhosis of the liver." 

The history of nine months of persistent, painless jaundice, asso- 
ciated with a loss of weight, and the clinical findings .of a dilated gall- 
bladder, acholic stools and bile in the urine, point toward a carcinomat- 
ous obstruction of the common bile-duct. The inability to demonstrate 
any of the pancreatic ferments in either the duodenal juice or the feces, 
coupled with the frequent, large, fatty stools showing many muscle 
fibers, justifies the assumption that there was a complete absence of 
the external secretion of the pancreas from the intestinal tract of this 
patient. 

The following experiment was therefore carried but; October 
27, the patient was put on a purin-free diet containing 2,900 calories, 
and the daily uric acid output of the urine determined by means 
of the Folin-Schaeffer method. On the fifth day (October 31) 150 
gm. of fresh calf’s thymus were given with the noon meal and 
the same amount was given on the sixth day (November 1). The 
purin-free diet was resumed on the succeeding days. The results are 
found in the accompanying table. 


Table Showing -Results of Experiment on a Purin-Free Diet 


Date 


Total Urine 

Uric Acid 

October 

Diet 

c.c. 

gm. 

27 

Purin-free 

1,565 

0.82 

28 

Purin-fee 

1,418 

0.76 

29 

Purin-free 

1,420 

0.76 

30 

Purin-free 

1,380 

0.51 

31 

November 

Plus 150 gm. of thymus 

1,660 

1.32 

1 

Plus ISO gm. of thymus 

1,540 

1.25 

2 

Purin-free 

1,485 

0.15 

3 

Purin-free 

1,279 

0.14 , 


The first day’s results may be excluded, for a constant level of 
excretion under the purin-free diet had not been reached at this time. 
The maximum truly endogenous output was, therefore, 0.76 gm., and 
the excess of excretion over this amount on the two thymus days was 
0.52 gm. and 0.48 gm. By the principle that 50 per cent, of inge.sted 
purins is excreted as uric acid in the urine, 150 gm. of calf’s thymus 
should cause an exogenous excretion of approximately 0.6 gm. of uric 
acid over the endogenous level. It can be safely said, therefore, that 
there was practically a quantitative recovery of the exogenous uric 
acid. This finding conclusively demonstrates that there was digestion 
of thymus nuclei with the production of the uric acid in the urine in 
the absence of both bile and pancreatic juice. 
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SUMMARY 

The results of this experiment prove that in the human being the 
digestion of nuclear material, the purin metabolism and the uric acid 
formation do not depend on the presence of the pancreatic secretion in 
the intestinal canal. This finding, together with the negative result of 
the test in this case, and in many other reported cases, definitely points 
out the worthlessness of the Schmidt nuclear test for pancreatic 
function. 


518 North Broadway. 



SECONDARY HYPERTROPHIC OSTEO-ARTHROPATPIY 
AND ITS RELATION TO SIMPLE 
CLUB-FINGERS * 

EDWIN A. LOCKE, H.D. 

BOSTON 

Since the original papers of Bamberger^-* (1889 and 1891) and 
Marie^^^ (1890) numerous reports have been published which have 
more and more definitely established this morbid condition as a distinct 
clinical entity among the general group of allied diseases, including 
leontiasis ossae, osteitis deformans, acromegaly, rickets, syphilis of the 
bones and others. Walters-^® (1896), Massalongo^^^ (1897), Janeway®® 
(1903), Thompson^®® (1904), Wynn-^® (1904), Ebstein‘S® (1906) and 
Alexander® (1906) have each collected the typical cases from the 
literature and given a critical review, together with a general discussion 
of the diseases. In spite of these and many other excellent reports, 
much regarding the cause, course and real nature of the pathologic 
changes remains obscure. 

The object of the present report is to record the results of the study 
of five typical cases for a period of years with reference to such con- 
siderations as the extent of involvement of the bones and joints, the 
nature of the process, the course of the disease, and especially the rela- 
tion of secondary hypertrophic osteo-arthropathy to simple clubbing of 
the fingers. 

Group A. — Five Typical Cases of Secondary Hypertrophic Osteo- 

Artlir apathy 

Case 1. — Acute febrile illness suggesting meningitis followed tzuo years later 
by hypertrophic osteo-arthropathy; repeated hemoptyses from varix in pharynx; 
primary nezv grozuth of the lungs with metastascs in internal organs and right 
femur; autopsy. 

D. J. R., a man aged 32, entered the Boston City Hospital, IMarch 9, 1909, 
service Dr. George G. Sears. 

Personal History. — Until his acute illness three years ago, the patient has 
always been in perfect general health. Venereal diseases denied. Smoked 
moderately all his life and as a rule has taken from two to six glasses of beer 
daily, but very rarely any stronger beverages. 

* Submitted for publication Oct. 3, 1914. 

The Roentgen-ray studies were lar.gely made in the Roentgen-ray Depart- 
ment of the Boston City Hospital under the direction of Dr. Francis H. Wil- 
liams, to whom I am deeply indebted for constant cooperation and advice. My 
thanks are also due Dr. wHlter Dodd of the Massachusetts General Hospital, 
and Dr. George H. Holmes of the Long Island Hospital, for the examinations 
made of the cases from those institutions. 
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The patients occupation is that of a foundryman and most of the time he 
works in front of an oven, which work requires him to open the oven fre- 
quently, when he is exposed to very intense heat and gases. He is also often 
obliged to handle the molten metal when it is poured into the mold. At short 
intervals he goes outside for sand and other materials, and this, during the 
colder months of the year, necessitates frequent abrupt changes from an excess- 
. ively hot atmosphere to a very cold one. He states that the vapors from the 
furnaces not infrequently produce uncomfortable symptoms and at such times 
he is accustomed to go to the door or window for air. It is not uncommon 
for workmen in the foundry to be overcome with the heat and gases, espe- 
cially during the winter months when the ventilation is bad. The victim becomes 
very pale and usually unconscious, but never exhibits spasms or convulsions. 
The attacks, as a rule, last but a few minutes, the workman when taken into 
the fresh air recovering promptly. 

About three years ago when on the street, he was suddenly seized with an 
intense stabbing pain at the base of the skull. By the time he reached home 
the pain had become agonizing in character and when attempting to untie his 
shoes, he fell to the floor unconscious. He was confined to bed for three or 
four months. He states that during most of this period he had a temperature 
ranging from 101 to 104 F. and much of the time was delirious. The pain 
which he suffered is described as very intense, constant and boring, confined 
to a small area in the midline just below the occiput. The head, he said, *'felt 
as though it weighed a ton.” The symptoms were somewhat relieved when 
in a prone position, but on standing or sitting he had the sensation as if the 
head were resting on sharp spikes, any movement of the head causing it to 
jostle on these points. There was no retraction of the head, but on account 
of the pain, motion in the cervical portion of the spine was extremely limited. 
Many drugs were administered but none gave him the slightest relief from the 
pain. There were no other special symptoms which he can recall. Convales- 
cence, though protracted, seems to have been complete and after ten months 
from the onset of the symptoms he went back to his old work where he remained 
until four months ago. During this period he was in excellent general health 
and weighed 180 pounds, or more than at any previous time. 

During the past four months he has worked in a car barn, being on night 
duty. His hours were somewhat irregular and his sleep, in consequence, much 
broken. The building was damp and his work necessitated much^ exposure 
during bad weather. He did not feel so well and lost considerably in weight. 
Up to this time there have never been any respiratory symptoms, the digestion 


has been good, and the bowels regular. 

In spite of his statement that he has been in excellent general health since 
his recovery from the illness noted above, he gives the history that about a 3 ^ar 
ago he first experienced pain in the instep which made it very difficult for him 
to walk about. This symptom was especially noted at night after being on his 
feet all day. A diagnosis of flat foot was made, but plates gave no relief. Some 
months later he had pain in the knees also and these joints were very muci 
swollen and tender, but not red. He still remained at work. The joint symp 
toms have shown a great variation in intensity, but on the whole have become 
progressively worse. When lying down or sitting comfortably^ in a chair, t lere 
is practically no discomfort, but when walking or standing the joints above men 
tioned as well as the spine are stiff and motion is painful. After being in a 
sitting position for some time, he finds it extremely difficult to straighten up 
and says he feels afraid that the back or knees will give out He attributes t ie 
exacerbations largely to fatigue and changes in the^ weather. At presen le 
joints are more troublesome than ever. He finds it impossible to keep them^ in 
one position for more than fifteen or twenty minutes. He 
about he can sometimes feel the fluid shaking in the knees. O i a e e 
and wrists have become much swollen. In the case of all the joints ? 

toms which were so variable at first have lately become remarkably constant m 



EDWIN A. LOCKE 


661 


character and the pain is much less severe. A symptom which is now much 
more troublesome than the pain is a sensation as though the skin over nearly 
all the joints were under great tension. The back is rigid and torsion of the 
cervical spine, which is limited, causes a creaking sound and a grating sensation. 

The patient had never noted any clubbing of the fingers until his attention 
was called to the condition and he is entirely unconscious of other changes in 
the arms or legs apart from those described as affecting the joints. 

Physical Examination. The patient is a well developed but poorly nourished 
man, slightly pale and very nervous. The degree of emaciation is rather extreme, 
the paniculus adiposus having almost entirely disappeared. All the skeletal 
muscles present a considerable degree of atrophy but this change is most evi- 
dent in the interossei of the hands. His teeth are neglected, many with cavi- 
ties. Except for a considerable degree of pallor and excessive perspiration, the 



Fig. 1, — (Case 1.) Clubbing of toes and characteristic deformities in joints 
and lower legs. 

skin is normal. The mucous membrane of the throat is slightly pale and shows 
an atrophic condition. In the inner side of each cheek near the angle of the 
mouth a few pigmented areas are noted. The lymph-glands are normal. The 
nipples are enormously increased in size, deeply pigmented and slightly sensi- 
tive. The features are unchanged except that the nose is a trifle bulbous. 

The appearance of this patient, especially when standing or walking, is very 
striking, indeed. The trunk is sharply flexed on the thigh and carried very 
stiffly, the spine seemingly absolutely rigid. The gait is very stiff, clumsy and 
slow. He gets up and down with the greatest difficulty and finds it almost 
impossible to climb stairs. 

E.xamination of the spine shows that the normal dorsal and lumbar curves 
are nearly obliterated and motion in any direction is practically nil, except in 
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the cervical portion, where mobility is still preserved to a moderate degree. 
Rotation of the head is accompanied by a slight grinding or creaking sound 
which is readily audible. Any attempt at motion in the dorsal or lumbar spine 
produces considerable pain. In spite of these changes noted in the spine, no 
gross changes in the vertebrae are evident. No abnormalities could be made 
out in the bones of the head. Considering the fact that the patient is a man 
of large frame, the bones of the shoulder girdle, trunk and pelvis are not con- 
sidered to be increased in size. 

Alteration in the hands, arms, feet and legs are quite extraordinary. Both 
the hands and feet, but especially the former, are very gross and approach the 
condition of gigantism. The ends of all the digits are enormously clubbed, the 
changes involving the whole distal phalanx. The two diameters are almost 
equal and the clubbed ends are, in consequence, practically globular. Although 
it is evident that the thickening is largely due to changes in the soft parts, 
palpation indicates that there is also some bone enlargement. The nails are 
perhaps a little thickened and the longitudinal ridges augmented, but the most 
striking change consists in a marked accentuation of the normal curves. The 
nail-beds are not particularly injected. There is considerable cyanosis. All the 
joints of the hand are enlarged, slightly tender, and moderately painful with 
motion, but without any evidence of increase in surface temperature or red- 
ness. The changes appear to be largely due to increase in the periarticular 
soft parts and there is no obvious hydrops articulae. The muscles of the hands, 
and especially the interossei, are considerably atrophied. Changes of a similar 
nature but of lesser degree are noted in the joints of the feet. The forearms 
and wrists are grossly abnormal, the usual tapering form having entirely dis- 
appeared. The diameter of the forearm, in other words, appears uniform 
throughout. The radii and ulnae are clearly enlarged, the surface feeling 
smooth and regular. There is likewise considerable thickening in the soft parts 
but no clearly marked edema. The wrists are enormous and present the same 
appearances as above described in the smaller joints of the hand, except that 
there is possibly some increase in the joint fluid and the pain with motion is 
much more marked. The elbow joints also show moderate changes of this 
same general type. In a general way the changes described in the forearms 
also pertain to the lower legs, the portions from the knees to the ankles being 
practically cylindrical. In the lower half, especially, the tibiae and fibulae are 
easily felt as enormously enlarged throughout. Fairly acute tenderness with 
firm pressure over the bones. The ankle joints are greatly swollen, apparently 
contain a considerable amount of fluid and are slightly tender and painful with 
motion. No other signs of inflammation. Similar changes are present in the 
knees, but here the bony parts feel very massive. Motion is much restricted. 

The lungs, heart and abdominal organs seem normal. 

Temperature normal. Examination of the urine gives no evidence of any 


disease of the genito-iirinary tract. 

The subsequent history of the patient is interesting, chiefly with reference 
to the frequent remissions and exacerbations of the disease. ^ In the summer 
of 1S09 the patient was sent to the country for a month^s vacation and returne 
very much improved in general condition and especially with reference to t le 
symptoms in the joints of the legs and arms. The swelling had large y is 
appeared, the joints w^ere much more supple, there was no longer any pam an 
only insignificant sensitiveness in the joints with motion. The ^ orearms an 
lower legs appeared much less massive and even the clubbing m t e n^ers 
had slightly diminished. The patient stated that he felt in exce ent ^^enera 
condition. Soon after his return he went to work running an elevator an 
continued at this occupation for nearly three years. During this peno le 
several sharp exacerbations, with a return of the symptoms m , 

legs from which he previously suffered. During these exacerbations he suffered 
also from constitutional symptoms, feeling marked malaise and weakness. 
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anorexia, insomnia, etc. He was also subject at these periods to excessive 
sweating, especially at night, and to frequent chills. 

In September, 1910, he began to be troubled with a very persistent hacking 
cough and several times raised blood. When lying on the right side he fre- 
quently suffered from a severe choking sensation. At such times he would fre- 
quently cough up a considerable amount of fresh blood. The temperature was 
always found normal. The sputum did not show the presence of tubercle bacilli 
and no abnormal signs were found in the lungs. Roentgen-ray examination 
gave no indication of any changes in these organs. A tuberculin test was nega- 
tive. An examination of the throat by Dr. Leland revealed the presence of 
an enormous varix behind the epiglottis, which was evidently the source of 
the hesnorrhages. Treatment of this condition gave entire relief from hemor- 
rhages for nearly a year. 



Fig. 2. — (Case 2.) Clubbing of fingers and toes. Typical deformities in fore- 
arms, lower legs, wrists and ankles. 

In the fall of 1912 the patient was finally obliged to give up his work per- 
manently and from that time on the course of the disease was steadil 3 '' pro- 
gressive. The symptoms in the legs and arms remained about the same but 
he became gradually weaker and found it more and more difficult to get about. 
He was excessively nervous, much depressed and at times showed symptoms 
of insanity. He frequently showed symptoms of cardiac weakness and exami- 
nation gave signs of mitral insufficiency and dilatation. He also developed a 
veiy extreme and persistent blepharitis. 

His condition finally became so critical that in September, 1913, he was again 
sent to the Boston City Hospital. For the first time definite signs were found 
in the lungs. There was slight dulness at the right apex, to the spine of the 
scapula behind and to the third rib in front. Over this area the breathing was 
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moderately bronchovesicular in t^^pe and the fremitus definitely increased. No 
rales.^ A Roentgen-ray examination showed a fairly dense shadow corresponding 
to this area of dulness^ but no other changes in the lungs. There were no pul- 
monary symptoms. A diagnosis of pulmonary tuberculosis was made and the 
patient referred to the Boston Consumptives’ Hospital, where he died Dec 10 
1913. , ‘ 

Roentgen-Ray Examination March 11, 1909.— The entire skeleton was 
examined at this time and at regular intervals until the patient’s death, Dec. 
10, 1913. Considering the relatively slow development of bone changes in gen- 
eral, it was thus possible to study the progress of the disease in the osseous 
system for a period of nearly five years. In the history above, attention was 
called to the extraordinary exacerbations and remissions which took place from 
time to time in the clinical course of the disease. Considering its distribution 
and its severity, it is not surprising that we fail to find any definite evidence of 
bony absorption coincident with the periods of remission. Although for con- 
siderable periods bony changes seemed to be at a standstill or progressed only 
slowly, the general course over the period of five years was one of more or 
less irregular progression and the contrast between the appearances in the 
bones at the time of the first and last examination is very striking. 

March 11, 1909, the Roentgen-ray examination gave the following: Nearly 
the entire skeleton shows to a greater or lesser degree alterations in the bones 
characteristic of hypertrophic osteo-acthropathy but are most marked, as is 
usually the case, in the long bones of the forearms and lower legs, the phalanges 
of the feet and hands, and the carpus and tarsus. 

The essential bony changes consist in a subperiosteal formation of new bone, 
the original osseous tissue appearing normal and the two everywhere distinctly 
diflferentiated. 

The distal phalanges in both the feet and hands show a general burr-like 
proliferation in their outer portion. All the bones of the metacarpus and 
metatarsus show alterations which consist in an even layer of new bone through- 
out the diaphysis, varying in thickness from one sixteenth to one-eighth of an 
inch in the case of the first metatarsal bone. In a few instances there is an 
irregular, cauliflower-like proliferation over the epiphyseal part. Similar 
changes are also seen in the first row of phalanges in both the hands and feet, 
but of much less degree than in those just inside. In several at about the 
level of the outer and middle third, the lateral ridges which form the attach- 
ment for the flexor tendons show a relatively immense proliferation. In the 
middle row of phalanges proliferation is noted only occasionally and the distal 
phalanges are unchanged except in their outer half. 

The tarsus and carpus participate in the changes to a rather slight degree. 
The os calcis in either foot gives no evidences of abnormalities, except that in 
the lower half of the posterior portion there is a considerable degree of for- 
mation of new bone, continuing down into the tuberosities, which are consider- 
ably increased in size. The radii and ulnae of both forearms are immensely 
altered, the subperiosteal layer of new bone being present throughout their 
entire length, but thickest ^bout an inch above their distal extremity and gradu- 
ally diminishing in thickness toward the elbow joint. In the case of both bones, 
the greatest deposit is on the outer side. In the case of both radii for an extent 
of about two inches -at their distal ends, there is an immense deposit of irregu 
lar new bone which extends to the joint line. A similar picture is seen in t ie 
bones of the lower legs. A thin shell of new bone is readily made ^ out in^ the 
lower third to one-half of the humeri, also in the outer half^ of the clavicles 
and the acromion processes. The bones of the head and the ribs seem^ norma . 

In contrast to the humeri, the femora are changed throughout their entire 
length and to a considerably greater degree, but much less, however, than the 
bones of the lower legs. The patellae are considerably changed in their non- 
articular portion. Characteristic osseous changes arc shown along the cre:>U 
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of the ilia, but otherwise the pelvis is normal. No definite bony proliferations 
can be made out in the spine. 

The joints are everywhere surprisingly free, there bemg no evidence of 
'changes in the joint cartilages. In the ankles, knees, wrists, elbows and several 
of the joints of the hands and feet, the irregular proliferation of bone in the 
epiphyseal portion of the bones forming the joints stops abruptly at the edge 
of the cartilage. 

Subsequent roentgenograms show the successive stages in the process of bone 
proliferation just described. In the bones most involved the sharp line of 
demarcation between the old cortex and the new subperiosteal layer gradually 
disappears and finally in the bones of the lower legs is almost nowhere to be 



Fig. 3. — (Case 37.) Marked clubbing but no enlargement of forearms and 
lower legs. Roentgen-ray shows slight formation of new bone in the tibiae. 

made out. The outline of the long bone is in many places quite smooth and 
regular, but in others is very much broken and uneven. Small cj'Sts, varying 
from one-half to one centiineter in length, are in several places to be made 
out. In contrast to the appearances shown in the early roentgenograms, the 
later ones show a very great decrease in the density of the original bony shaft. 
The entire structure is apparently altered, the marrow space is completely 
obliterated and the normal texture of the bones replaced by a shadow which is 
very thin and of extremely variable and irregular density, somewhat resembling 
the appearances seen in advanced osteitis deformans. Even in the roentgeno- 
grams taken but a few months before death, the joints are still seen to be free, 
although the changes immediately adjacent, described above, are greatly 
augmented. 

Necropsy No. 170, Dec. 10. 1913, by Dr. J. Earle Ashe. 
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Anatomical Diagnosis. — Periostitis ossificans; primary carcinoma of the right 
lung with metastasis in right femur, left kidney, brain, and left lung; chronic 
adhesive pleuritis; chronic bronchitis; moderate chronic fibrous mitral valvU’^ 
litis; early coronary sclerosis; spleen, chronic tumor; moderately fatty liver; 
moderate chronic interstitial nephritis; moderate hydrops and multiple yel- 
low softenings from emboli in the brain; visceroptosis; chronic blepharitis. 

Body: Moderately emaciated. Pupils are equal, regular, S mm. in diameter. 
The palpebral conjunctiva is congested, the edges of the lids, especially the 
lower, are much thickened and excoriated and there is a small amount of thick, 
yellow, purulent material in the right outer canthus. The ears are rather 
prominent, the teeth well preserved and the palatal arch rather high. The 
tongue and jaws show no enlargement. Patches of yellow, superficial, dry, 
bran-like scales over upper chest and lower abdomen. The breasts are a trifle 
more prominent than usual. External genitals normal. None of the super- 
ficial lymph-nodes are enlarged except the epitrochlear, which are readily palpa- 
ble. The radial arteries are stiff and tortuous. 

There is some irregular thickening of the lower ends of both humeri, 
though the shafts are apparently free. On the radii and ulnae, however, can 
be felt distinct irregular thickenings, more marked on the lower ends of the 
former, though the shafts are distinctly involved. The finger ends are markedly 
clubbed, apparently due chiefly to enlargement of the soft parts. The nails are 
of the typical “Uhrglassform” and the free edges are widely separated from 
the fingers by a thick matrix. They are a little thick, but not hard or dry. No 
alteration of the carpal or metacarpal bones can be detected. The thighs are 
partially flexed on the abdomen, the legs likewise on the thighs. In both cases 
it is impossible to overcome these contractures. The lower ends of the femurs 
are greatly thickened by irregular bony masses. Just above the inner tuber- 
osity of the right femur is a distinct mass which as felt through the skin is 
rather soft and contains particles of bone. The right knee joint was exposed 
and found moist and contained fairly firm black blood clot, slightly adherent 
to the articular surfaces of the condyles. There are several small superficial 
erosions of the articular surfaces of the right condyle of the femur, external 
tuberosity of the tibia and outer facet of the patella. There is a small, fairly 
sharp exostosis springing from the base of the tibial spine. The tumor felt 
through the skin is 6 cm. long by 3 cm. wide and 3 cm. in thickness. It is 
covered by thick periosteum and the outer two-thirds is firmly fibrous and con- 
tains cancellated bone. The inner portion is soft, lobate, and of a brownish- 
red color and the adjacent portion of the shaft under the tumor is eroded to 
conform to its shape, and so deeply in the lower portion that the inner condyle 
is practically a shell. About the tumor there is a considerable amount of loosely 
clotted blood. The tumor does not seem to be attached to the bone except by 
the periosteum and can be shelled out of its nest in the bone without difi^cuIt 3 ^ 
leaving an area of porous exposed bone, which is apparently not infiltrated by 
the tumor. 

The femur was exposed for its lower half. It is enormously thickened 
posteriorly by long stalactite-like exostoses — longer and thicker oyer t le 
tuberosities, and all pointing upward. The remainder of the surface is ma e 
up of fairly uniform plaques of subperiosteal bone, which are thicker towar 
the lower end. The periosteum is somewhat^ thickened ; the new bone is v^vy 
firm and cannot be separated from the original shaft.^ The fibulae are ot i 
much enlarged, the lower two-thirds being almost as thick as the tibiae. 
are rather rough and irregular as palpated through the skin, while^ t le ti lae 
are comparatively smooth. The left tibia was exposed at about its miciaie. 
The periosteum was found moderately thickened, beneatli whic i nt p aqucs 
of new dense bone had been laid down. The cortex beneath tins is hard, 
averaging about ! cm. in thickness. Beneath this again is a thick ajtr ot can 
cellated bone enclosing yellow, apparently unaltered, marrow. 
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The right leg from the middle down and including the foot is swollen and 
pits on pressure, edema being due to pressure on the femoral vein by the tumor 
in the region of the knee. The skin of the soles of the feet and under sur- 
faces of toes is thick, rough, and of a light brown color. There is distinct 
clubbing of the toes with bowing of the nails. The second toe of the right 
foot incised on under surface and enlargement found to be due chiefly to thicken- 
ing of the soft parts. The distal phalanx was excised and found to be much 
broader than normal at its tip. 

Head : External occipital protuberance is palpable, but not enlarged. The 
hair is thick. The scalp strips fairly easily. Calvarium is not thickened but 
the bone is somewhat more dense than usual due to the fact that the diploe 
are not quite so prominent as usual. Skull averages 0.5 cm. in thickness. The 
dura is free from the calvarium and from the underlying membranes, except 



Fig. 4. — (Case 39.) Marked clubbing, but only suggestive thickening in the 
lower leg. Roentgen-ray reveals rather general bony proliferation. 

along the longitudinal fissure, where Pacchionian bodies penetrate. There is 
some edema of the subarachnoid space over the upper surfaces of the frontal 
lobes. The pia and arachnoid are otherwise free. The vessels are well filled, 
particularly those of the vertex and show no sclerosis. The posterior end of 
the left internal orbital convolution is adherent to the orbital plate of the frontal 
bone for an area of 1 cm. in diameter. When these adhesions are broken the 
cortical tissue immediately beneath is soft and white with small yellow mottlcii 
areas. In the posterior portions of the middle frontal convolutions on both 
sides are areas of similar cortical softening with the yellow mottling. In po--.- 
terior portions of the upper frontal on the left side is a soft area, but more 
gray and without the yellow color. These areas are all practically the same 




668 THE ARCHIVES OF INTERNAL MEDICINE 


size, i. e., from 1 to L5 cm. in diameter. The ventricles and appendyma are 
free. 

The pituitary body is readily removed from its position, measures 14 by 6 
mm. and is of usual consistency. On section, however, it is darker than normal, 
apparently from the presence of blood. There is found to be some exagger- 
ation of the sinus markings in the lower fossa of the skull, particularly the 
left lateral sinus, which is almost entirely surrounded by bone. The crista 
galli is much more prominent than usual, extending into the falx for 1,5 cm. 
and the anterior portion of the occipital bone bulges posteriorly quite percept- 
ibly, though not enough to compromise the medulla. The bony air sinuses are 
not enlarged and are free from exudate. 

On section a number of small areas of cortical softening are disclosed aside 
from the ones already described. 

1. Left middle occipital, 0.5 cm. 

2. Posterior tip of hippocampal 1 cm. 

3. Left ascending parietal, 0.5 cm. 

4. Upper surface, right gyrus fornicatus, about the middle, 1.5 cm, 

5. Right lenticular nucleus, about the middle, 1 cm. in diameter running 
practicallly the whole length and involving a small portion of middle of internal 
capsule. 

6. Lower end of the ascending frontal and parietal convolutions that cover 
in the Island of Reil, and extending into the^ contiguous cortex of the Island, 
1.5 cm. in diameter and 2 cm. long. 

7. Left marginal convolution, lower edge, 1 cm. in diameter. 

8. In tegmentum of the pons. 

These foci are all in the state of yellow, or early light softening. 

Primary Incision: The primary incision shows nothing remarkable. Cos- 
tal cartilage, ribs and sternum normal. Thymus practically obliterated. Peri- 
cardial sac free. 

Left Lung: Pleura at apex slightly thickened and adherent, at which point 
the parenchyma is thickened also. In lower lobe three small masses 1 to 2 
cm. in diameter, circumscribed, hard and cut surface whitish with reddish 
brown center. Vessels and bronchi free. 

Right Lung: Pleura densely adherent over posterior portion of upper and 
adjacent upper one-^quarter of lower lobes. Parenchyma crepitant throughout 
middle lobe and in anterior half of upper and all but upper portion of lower. 
The remainder is uniformly infiltrated. On section these infiltrated areas 
appear grayish-white with small yellow mottling and of firm consistency. This 
tissue is continuous in the two lobes through the interlobular pleura. The tis- 
sue behind this indurated parenchyma is red, necrotic, rather pultaceous, and 
largely ulcerated away to form a very irregular cavity in both lobes. The walls 
are granular but show no fibrosis. The overlying pleura is infiltrated but the 
ribs do not seem to be involved. 

Heart: Moderate fibrosis of mitral valves. 

Spleen: Enlarged, 320 grams. Capsule smooth and tense; consistency 
increased. 

Stomach, intestines, pancreas and suprarenals appear normal. 

Liver:. Slightly enlarged and edge rounded. On section the central zones 
are dark and somewhat depressed, the peripheral areas of the lobu es are o 

a yellowish tint. , ♦ nrri 

Kidneys: ^Moderate interstitial changes. On the anterior surface towar 

the upoer pole of the left is a slightly elevated white nodule 2 cm. m 
On section it is found to be 8 cm. deep and the cut surface is white, with bright 


yellow niottlings. ^ ; 

Microscopic Diagnosis.— Primary carcinoma of lung (.r'tghl 
mucosa), metastasis to left lung, left kidney, periosteum of light ? . 

gland right knee, multiple to brain; ossifying periostitis; chronic splen 
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Fig. 5. — Roentgenogram of left haiui ( Ca^e 1) showing characteristic sub- 
penosteal new bone encasing the 'haft of the ulna and radius. Xote the in\olve- 
nicnt of the epiphysis. Nearly all of the metacarpals and first row of phalanges 
present irregular deposits along the dtapluses Slight proliferation i' ei-iden 
in the distal phalanges 
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beciditis and capsulitis. Heart: Cloudy swelling; focal chronic interstitial myo- 
carditis.^ Liver: Chronic passive congestion; moderately fatty. Suprarenal: 
Congestion. Kidney: Moderate chronic interstitial and capsular nephropathy. 
Pituitary: Hyperplasia. Soft parts of Ungers and toes — obstructive disten- 
iion of sweat ducts; some hyperplasia. 

Microscopic Examination. — Brain: Sections from four of the areas of cor- 
tical softening show identical features. The center is necrotic and surrounded 
by tumor cells which in type and arrangement conform closely to those of the 
parent tumor. Considerable glial hyperplasia in surrounding brain tissue. 

Spleen : Capsule, trabeculae and artery walls moderately thickened. 

Heart: Some cloudy swelling and focal areas of fibrosis. 

Liver : Moderate central congestion and some fatty infiltration in the periph- 
eral cells. 

Adrenals : Marked congestion ; considerable vacuolization of cortical cells. 

Kidney: Changes largely interstitial and of only moderate type. The tumor 
metastasis consists of dense connective tissue enmeshing adenomatous mass of 
tumor cells. The renal tissue is invaded. 

Pancreas : Slight fatty infiltration. 

Pituitary : Moderate increase in number of gland cells with very little hyalin 
substance in acinar spaces. 

Lungs: In the infiltrated areas the alveolar tissue is entirely displaced by 
the tumor, which consists of columnar epithelium supported by a vascular young 
connective tissue stroma and forming irregular alveola-like spaces. In some 
areas these spaces are filled Avith tumor cells unattached to the lining cells and 
much more irregular in size and outline, though distinctly epithelial in type. 
The nuclei vary greatly in size and shape and many show mitotic figures. No 
cilia are found. A few spaces are lined with 3^oung, regular cuboidal cells 
such as are seen in the fibrosed lungs, and which show only slight evidence of 
malignant characteristics. In the tumor cells crowded in the spaces there is 
a tendency to metamorphosis to the squamous t3^pe. The tumor is essentially 
cellular, but in a few small areas the connective tissue stroma is increased and 
shows hyalin. Several areas of necrosis and some hemorrhage are seen along 
the edge of the tumor. Rarely there is evidence of slight inflammatory reaction. 
Sections from various areas of the tumor and the nodule in the left lung pre- 
sent identical characteristics. 

Tumor at Right Knee (Fibrous Cortex) : Adenomatous groups of cuboidal 
cells surrounded by abundant young connective tissue. Several areas of necro- 
sis, involving both connective tissue and tumor cells. The inner, softer por- 
tion is more cellular, the squamous type predominating and of the general 
arrangement seen in the primary growth in the lungs. 

Lymph-Gland at Knee : Lymph tissue entirely replaced by connective tissue 
in which are imbedded irregular masses of squamous tumor cells closely packed. 
Small amount of surrounding hemorrhage. 

Finger: From dorsum, at root of nail, rather thick layer of cornified epi- 
dermis. Some edema of cutis and arterial walls are thickened. 

Eroded bone at site of periosteal metastasis. Very active osteoclastic bone 
destruction of cancellated tissue, at the same time there is new bone being 
developed on the trabeculae by osteoblasts. Some hemorrhage into ,marrou 
spaces. Small groups of tumor cells, showing acinar arrangement, usua 3, 
are in the marrow spaces nearest the surface. ^ 

Toe: Soft tissue from ball. Thick layer of cornified epidermis. Papillary 
la3"er markedly indented. The striking feature is the dilatation of the sweat 
ducts. They are tortuous and can be followed into epidermis w'here an occa 
sional cross section show’s lumen occluded b3'’ Iwalin material. 

Terminal Phalanx of Toe: Loose cancellated bone, wdth distinct hyper- 
trophy of sides, where narrow^ spaces are filled wdth loose, young connective 
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tissue containing stellate cells and a thick layer of elongated cells (osteobla>ts) 
are laid down on the bone trabeculae. 

Femur: New subperiosteal bone, much looser than normal cortical bone. 
Osteoplastic bone formation is still going on. No osteoclasts. Most of the 
marrow spaces contain fat and the usual marrow cells. Others are plugged 
with small particles of disarranged bone trabeculae enmeshed in a mass of par- 
tially necrotic cellulo-fibrillar material. 

Tibia: Subperiosteal new bone, cross section. Wide Harvesian spaces con- 
tain fat and marrow cells in some instances, in others a loose young connective 
tissue containing stellate cells. On longitudinal section the subperiosteal line 
is rather irregular from active lacunar resorption. Masses of osteoblasts on 
under surface of periosteum particularly over points of osteoclastic activity. 
Some of the marrow spaces contain necrotic bone as described in other sec- 
tion. Medulla not remarkable. 



Fig. 6. — Roentgenogram of right leg (Case 1). In the femur the layer of 
new bone is sharply marked off from the old shaft which remains essentially 
unchanged. The epiphj'sis is free. The tibia and fibula are altered throughout 
and retain very little of the normal Roentgen-ray appearance. The line of 
demarcation between the old and new bone is not present. Both bones show 
uniform alterations in the epiphysis as well as the diaphysis, but the knee joint 
is only slightly involved. The patella is correspondingly altered. 

I^Iarrow (Tibia) : Rather richly vascular fatty tissue containing a few spicules 
of bone and very few cells, the latter about the blood vessels. These cells are 
mostly mononuclear though there are a few polynuclear cell.> and several 
megalokariocytes. 

C.\SE 2. — Pleurisy zvitli effusion; chronic pulmonary tuberculosis xaih exten- 
sive cavity formations: tuberculous enteritis: mitral regurgitation and ste- 
nosis; pulmonary hypertrophic osteo-arthropathy. 

E. M., aged 30, entered the Boston Consumptives’ July 10, 19Ct3 

Personal History. — Until the onset of the present illness the patient enjoyed 
excellent general health. \’cnereal diseases denied. Habits good except for 
e.xcessive cigarette smokitig 
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About four years before entrance he had a severe attack of pleurisy with 
effusion and was tapped. The convalescence was very slow and he has never 
regained his former good health. He was examined at that time at the Bos- 
ton Dispensary and no signs of pulmonary tuberculosis were found. About a 
year later he had another severe attack of pleurisy and a diagnosis of pulmon- 
ary tuberculosis was then made. He was sent to the State Sanatorium at Rut- 
land, Mass., where he remained for about six months, improving greatly in 
general health. 

Since the first attack of pleurisy, he has had nearly constant cough, which 
has become increasingly severe in character, and has lost much in strength and 
weight. The sputum, which was at first scanty, has become more and more 
purulent, at times has contained blood and is frequently very foul. There 
is severe dyspnea with exertion. About three years ago he was troubled for 
some time with severe night-sweats, but since then has had none. There have 
been no gastric or urinary symptoms, no edema. 

The patient noted at the time *of the first attack of pleurisy that the ends 
of the fingers were slightly larger than normal and he is positive that he has 
observed a gradual increase in this condition from year to year. He is quite 
as positive that there were never any changes in the forearms or lower legs 
until within the last six months, since which time there has been a definite 
increase in the size. No pains whatsoever are experienced in either the fore- 
arms or lower legs, but the bones are exceedingly sensitive to pressure and if 
injured slightly are sore for some days. 

Physical Examination . — The patient presents a typical picture of advanced 
consumption. He is excessively weak, dyspneic with the slightest exertion, 
coughs frequently and raises an abundant, rather foul, greenish-yellow sputum. 

The heart presents the classical signs of mitral regurgitation. There is an 
extensive bilateral process in the lungs, with signs of softening which are more 
marked on the right (tuberculosis). 

Abdominal examination negative. Reflexes normal. 

The arms distal to the elbow joints and the legs below the knee joints 
present a most striking condition. The forearms look massive and the nor- 
mal proportions are very much altered, the forearm above the wrist being, 
much enlarged so that it seems almost cylindrical, the lower portion being 
hardly less in diameter than the upper. There seems to be no definite edema 
but the soft parts feel thickened. More particularly, the bones are felt to be 
distinctly enlarged, the surface smooth and tender to deep pressure. The hands 
appear in general rather massive, but without edema. The most striking thing is 
the rather extraordinary clubbing of the ends of all the fingers, the thumb show- 
ing the most exaggerated form. The nails are much thickened and show an 
accentuation of both curves — the ‘^parrot-beak’^ type. Moderate cyanosis of the 
nails. The nail bed is raised and definitely hyperemic. The wrists and ankles are 
greatly swollen and stiff and motion is moderately painful, yet there is no 
redness or increase in the surface temperature. The knees are less affected. 
The lower legs and feet present changes exactly analogous to those described 
in the hands and forearms though perhaps slightly more marked. Clubbing 
in the great toes is distinctly more than in any others. 

Sputum greenish-yellow, mucopurulent, moderately fetid in odor. Large 
number of bacteria with many typical tubercle bacilli, single and in clumps. 

Urine examination negative. . , 

The patient remained in the hospital until April 22, 1909, and improve 
very satisfactorily in general condition although the process was not consi ere 
arrested. At this time he left against advice to go back to work. Since t en 
he has been frequently readmitted but on the whole has steadily lost groun . 

April 24, 1910. PaUent’s general condition is distinctly worse than at 
entrance in 1908. The process in the lungs has advanced strikingly.^ The lett 
lung shows marked signs throughout and evidences of a large cavity m the 
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miclscapular region behind and from the second to fifth rib in front. The 
heart is displaced to the left to such a degree that the right border is about 
2 cm; to the left of the left sternal border. 

The condition in the limbs described above is more striking than ever. 



Fig. 7. — Roentgenogram of right ankle (Case 1) taken March 11, 1509. Xote 
the sheath of new bone surrounding the lower end of the tibia as far as the 
epiphysis, the fibula throughout, the shaft of the metatarsals and the prolifer- 
ation along the outer edge of the os calcis and the cortex of the bones of the 
tarsus. 

Roentgenograms of the entire skeleton made at this time show the follow- 
ing: The phalanges of the left hand present no abnormalities, unless it be a 
slight proliferation in a few of the distal ones. All the metacarpal bones, how- 
ever, show a distinct thin layer outside the shaft, involving the bone through- 
out its entire length. The deformity is greatest in the metacarpal bones o 





674 THE ARCHIVES OF INTERNAL MEDICINE 

the thumb and little finger. The process seems to be confined entirely to the 
shaft of the bone in each case. There are no definite changes in the carpus, but 
the lines between the individual bones are more or less obliterated. The joints 
throughout the hand are normal The left radius and ulna present changes 
exactly similar to those described in the metacarpal bones except that the outer 
layer of the new bone is more irregular and variable in density. There is no 
change to be noted in the ends of the bones and the joints are free. In the 
right hand as in the left, the phalangeal bones are normal. All the metacarpal 
bones with the exception of the third have a definite thin layer outside the old 
shaft, which is most marked in the thumb and first finger. Changes of the 
same type and degree as in the left are noted in the right ulna and radius. 
The arteries do not show. 

Roentgenograms of the upper arm and shoulder girdle are without evident 
changes in the bones. A few of the ribs, however, show a questionable deposit 
of subperiosteal new bone. The bones of the skull and face are normal. 

The phalanges of the feet are normal, but the first, fourth, and fifth meta- 
tarsal bones show slight but definite changes of exactly the same type as noted 
in the metacarpal bones. The tarsus is free from changes. The tibia and fibula 
in both legs show an irregular, definite layer of subperiosteal bone throughout 
the shaft, in places nearly a quarter of an inch in thickness. These changes in 
places extend beyond the epiph 3 ^sis nearly to the joint surface in the case of 
the knees. The femurs present alterations noted in the bones of the lower 
legs but of much less extent. Nothing definitely abnormal can be made out 
in the pelvis. 

A year later a second series of roentgenograms was made of the entire 
skeleton. During the interim the patient's condition had remained about the 
same. The alterations from the normal in the bones as shown by the roent- 
genograms are similar to those described, but are considerably more marked 
in all the bones previously involved and several of the phalanges of the hands 
and feet show beginning changes. The distal phalanges in the feet are par- 
ticularly noteworthy as they have increased considerably in size, showing irregu- 
lar osteophytic outgrowths mainly in the outer half but also to some extent 
just distal to the joints. 

In April, 1911, the patient was discharged from the hospital and was not 
readmitted until March 24, 1913, when he seemed to be in a dying condition. 
The general symptoms referable to the process in the lungs were much more 
severe, the sputum of a definitely putrid type and very abundant in amount. 
There was marked cyanosis, dyspnea and considerable edema of the lower legs. 
He was also suffering from a violent diarrhea with five to ten loose movements 
daih’ and considerable colicky pain. 

After a few weeks' residence in the hospital, he began slowly to improve, 
which improvement continued and by March 12, 1914, when a third set of roent- 
genograms was made, the patient had made extraordinary improvement. He 
had gained enormously in weight, was up and about the grounds daily, and 
suffered from almost no symptoms except dyspnea with any unusual exertion. 
He had practically no cough, raised no sputum except a small amount in the 
morning. Pulse and temperature were normal. The signs in the lungs, how- 
ever, did not differ materially from those previously found, except that they were 
much less definite of activity. 

The roentgenograms are in striking contrast to those made a 3 xar and two 
years previously. The bones of the hand show no changes whatsover, except 
that the terminal phalanges are slightly ragged and possibly a little enlarged, 
and several of the bones of the metacarpus seem a little massive and dense, 
but without any clearly defined cortical layer of new bone. The appearances 
in the bones of the forearms are essentially the same as previously but a httle 
less marked and the differentiation between the old shaft and the new bone 
less definite; that is, to a considerable degree the new bone seems to have 
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become fused with the old. The thickness ranges from one-eighth to one- 
quarter of an inch. The outline is somewhat irregular. 

The terminal phalanges oi the feet are but little if any broader and more 
ragged than normal. Nothing abnormal except questionable changes in a few 
of the metatarsal bones. T.he roentgenograms of the lower legs present the 
same general type^ of changes as described earlier, but there has evidently been 
a great retrogression in the process previously described as having taken place 
in the bone. 

Case 3. — Syphilis at 36; chronic alcoholism; cirrhosis of the liver; chronic 
pulmonary tuberculosis, zvith cavity; pulmonary hypertrophic osteo-arthropathy 
of acute febrile type. , 

T. R D., aged 54, entered the Boston Consumptives' Hospital Dec. 2, 1909. 

Personal History . — In early years had measles, scarlet fever and pertussis. 
Typhoid fever in 1889. Seventeen years ago a severe attack of influenza. For 
many years a very hard drinker and a man of generally dissolute habits. Gonor- 
rhea fifteen times and on several occasions chancroids and buboes. Eighteen 
years ago he had a chancre followed by secondary eruption which was untreated, 
but since then he has had no further symptoms of syphilis. April 27, 1905, he 
entered the Massachusetts General Hospital for severe hematemesis. His con- 
dition at that time was diagnosed as cirrhosis of the liver and chronic alcohol- 
ism. Somewhat later he developed paralysis of the vocal cords together with 
some symptoms of pressure in the mediastinum and a roentgenogram showed 
a slight dilatation of the arch of the aorta. In September, 1909, he again 
entered the hospital with an infected tarsal cyst. Following operation he had 
an open wound for a long period, with considerable discharge of pus. This 
wound was not finally healed until a secondary operation was done nearly a 
year later. 

November 12, 1909, the patient entered the Boston City Hospital with pul- 
monary symptoms and there a diagnosis of pulmonary tuberculosis was made. 
Tubercle bacilli were found in the sputum in large numbers. 

At entrance to the Boston Consumptives' Hospital the patient gave a his- 
tory of a hemorrhage from the lungs about seven years previously. Since 
this time he has had a nearly constant cough, as a rule loose in character, but 
with a variable amount of sputum. For a considerable period he had had 
severe gastric symptoms and marked dyspnea with exertion. There has been 
considerable loss of strength and a decrease in weight from 185 pounds six 
years previously to 150. No fever, chills or night-sweats. 

Physical Examination . — This is negative except for signs of a fibroid 
phthisis involving nearly the whole of the right lung and the left above the 
third rib, and a much enlarged liver with hard, irregular edge. 

The fingers and toes show a moderate clubbing of the characteristic type, 
but no abnormal signs in the long bones are made out. Temperature 98 F., 
pulse 70, respirations 20. Urine negative. Sputum shows the presence of many 

tubercle bacilli. • r • ^ 

About a month after entrance the patient began to complain of pain and 
stiffness of the lower spine. Shortly afterwards the left knee and leg became 
swollen, also both forearms, wrists and hands. The signs in the lower legs and 
arms, however, were not so much in the region of the joints as in the long 
bones. The chief symptom was a dull, constant pain which was describe^ as 
deep in the bones. The forearms and lower legs were clearly enlarged, not 
reddened but with excessive tenderness over the bones, which felt definitely 
increased in size. The ankles, 'knees, wrists and some of the finger joints were 
enlarged and slightly stiff but without signs of inflammation. In spite of rest 
in bed and careful treatment the condition of the patient remained unchanged 
for several weeks, when very slow improvement took place. After several 
months, however, the forearms and lower legs looked less massive but the bone^ 
still felt larger than normal. This improvement in the acute condition in tne 
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forearms, hands, feet and legs described above followed a marked improve- 
ment in the pulmonary condition. The pulmonary symptoms practically all dis- 
appeared, the temperature came down to normal and the physical signs in the 
lungs decreased strikingly in intensity and extent. 

Unfortunately it was not possible to examine the patient with the Roentgen 
ray until i\Iay 1, 1910, at which time he was ready to be discharged from the 
hospital as an arrested case. He had gained about 50 pounds in weight and 
all symptoms, both of the disease in the lungs and in the limbs had entirely 
disappeared. The signs in the lungs had diminished materially. lie had a slight 
dulness at both apices with bronchovesicular respiration, moderate increase in 
fremitus and a few scattered rales. Over a small area in the right front at 
the level of the second rib, distinct amphoric breathing, with slight egophony, 
were heard. 



Fig. 9. — Roentgenogram of hands (Case 4), designed to illustrate the i>pe 
of proliferation in the distal portion of the ungual phalanges seen in h>per- 
trophic osteo-arthropathy. The remaining bones show onh’ slight indications 
of the peripheral new bone present some years previously. 


Forearms and lower legs still appeared more cylindrical and slightly larger 
than normal, but otherwise nothing abnormal could be made out. 1 lie clubbing 
of the fingers, though less, was still rather marked. Only slight cyanosis of 
the nails. 


Rocutgcii-Ray Examination . — The terminal phalanges of the hands sho.v 
marked but variable enlargements, the outlines being ragged and irregui.ir. 
^laiu' of the remaining phalanges seem to be thickened in the cortical^ j;ort:o:’. 
of the shaft and the outline in places is ragged, but the line betwcui ine eut-r 
sheath of new bone and the old shaft is not e\ eryuliere evident, iiie i or.e^ 'if 
the feet show less marked changes. The bones oi the forearm^ and tu.'.er 
are thickened but do not show anywhere a v.e!l marked. !.i>er oi r..- v ^ 

The cortex is much thicker than normal, slightiy irregular in cuthi.e. rn -i iu 
many places gives the impres-ion dcimitely of tlie fuMon to a 
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degree of newly formed subperiosteal bone with the old cortex as seen in other 
cases. The arteries of the legs and forearms are clearly seen as tortuous, calci- 
fied lines. There is a definite though thin layer of new bone along the lower 
edge of the ilia and to some degree in the upper half of the femurs. 

The appearances about many of the joints are noteworthy. All of the dis- 
tal joints of the fingers show a greater or lesser degree of proliferation of bone, 
in some instances of definite osteophytes, mostly at the proximal end of the 
last phalanges. The ends of the next rows of phalanges forming the joint are 
much misshapen and irregular but without osteophytes. In several cases the 
line representing the joint cartilage is much thinned and the general appearance 
is that seen in osteo-arthritis. The middle phalangeal joint and the metacarpal- 
phalangeal joint appear normal. The carpus is greatly changed. In certain 
places actual proliferation of the bone can be seen, but the most striking 
thing is the appearance of matting together of nearly all the bones. The radio- 
carpal joints seem free. Both elbow joints, but the left more than the right, 
show considerable change which consists chiefly in considerable proliferation 
in the olecranon process and an indefiniteness in the joint line, evidently the 
result of bony proliferation. Changes of the same nature, as above described 
in the fingers, are seen in the toes, being most marked in the distal joints, but 
present also in the middle phalangeal joints. Lateral roentgenograms of the 
ankle joints show general changes in all the bones of the tarsus. There is a 
more or less constant layer of new bone which stops abruptly at the joint sur- 
face. No lipping can be made ouL In both knees over the outer side of the 
external condyle of the femur and of the upper end of the tibia the surface is 
much roughened and proliferated with small osteophytes, especially on the . 
tibia. 

During the next year the patient continued free from symptoms and the 
signs in the lungs diminished. The appearances in the limbs remained about 
the same. Roentgenograms made March 28, 1911, showed the same general 
appearances as described above, but slightly less clearly defined. 

Case 4. — Pneumonia; empyema ; bronchiectasis; pulmonary hypertrophic 
osieo-arthropathy. 

M. M., a foundryman, aged 43, entered the Boston City Hospital May 9, 
1903. 

Personal History. — Patient has always been rugged until the past two years. 
He smokes and drinks to excess but denies venereal diseases. 

Two years ago he had severe pneumonia, with good convalescence and appar- 
ent cure, followed about five months ago by a second attack froni which he 
has never fully recovered. Since then he has had almost constant, increasingly 
severe cough, often paroxysmal, with large amounts of greenish-white foul 
sputum ; soreness in the left side of the chest with catchy pain on coughing ; 
dysnea; frequent headaches and anorexia; considerable nausea and vomiting; 
in a word, greatly impaired general health. No chills or night sweats. 

The patient is entirely unconscious of any changes in the bones and declares 
that he has had no symptoms there. 

Physical Examination. — N powerfully built, robust man whose general appear- 
ance gives the impression of a severe acute illness. He is somewhat pale; there 
is considerable cyanosis, and dyspnea is marked even when making the slightest 
exertion. 

There are unmistakable signs of fluid in the left chest. The heart is con- 
siderably displaced to the right but is otherwise normal. The peripl^eral arteries 
are soft and not tortuous. Pulse 110, temperature 102 F., weight 1/0 pounds. 

The sputum is mucopurulent in character and does not show the presence 
of tubercle bacilli. The urine is normal. 

The forearms, lower legs, feet and hands present a typical condition of 
hypertrophic osteo-arthropathy. The hands appear gross and clumsy, although 
there is no edema. The terminal digits are almost globular, diameters being 
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nearly equal and the nails showing an extraordinary degree of curving, with 
great thickening and the presence in all of prominent longitudinal ridges. The 
forearms and lower legs are much enlarged, giving a rather cylindrical appear- 
ance but without any tenderness over the bones, or edema. The joints nowhere 
show any evidence of involvement except for moderate swelling, motion beino- 
perfectly free and without pain. 

Soon after the above date the patient was operated on for empyema and 
a large accumulation of pus found. The patient was considerabl}'’ relieved as 
a result of the operation, but even after several months, when the wound was 
healed, he still suffered from almost constant cough and with frequent evacua- 
tion of a large amount of sputum of the same type as described above. He 
improved considerably in general health, gained in weight (204 pounds), was 
much less short of breath, and finally resumed his work. He was seen, how- 
ever, from time to time in the out-patient department and usually had a slight 
rise of temperature, varying from 99 5 to 101 F. The signs in the lungs 
remained essentially the same. 



Fig. 10. — Roentgenograms of forearms (Case 40) showing a thin, irregular 
layer of newly formed bone about the lowed diaphyses of the ulnae and radii. 

May 6, 1914. During the past ten years the patient has been under my per- 
sonal observation and at periods of six months to a year roentgenograms have 
been made to show changes if any taking place in the bones. He has worked 
constantly and improved steadily in general health. The weight has held stead- 
ily at 205 to 210 pounds. Except for the cough and dyspnea with exertion he 
feels that he has never been so well. The cough, though less severe than in 
former years, is still harassing. It is worse at night and in the early morning 
after rising. The sputum is small in amount, never purulent or of foul odor. 
The forearms are frequently painful, though never tender. Dull pains are also 
present about the knees at times. 

On examination signs are still present in the left lower back, but of much 
less definite character than previously. There is still some cyanosis of the lips. 
In general the changes in the limbs appear to have subsided to a considerable 
degree. 
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The Roentgcn-ray examination revealed much more extensive alterations 
in the skeleton than were evident on physical examination. The characteristic 
bone changes seen in hypertrophic osteo-arthropathy are present in the bones 
of the forearms, lower legs, lower third of humeri, and in the lower third of 
the femurs. The bones of the feet are more altered than are those of the 
hands. The distal phalanges are strikingly fanshaped, very irregular and at 
their proximal ends near the joint surface nearly all show a few small osteo- 
phytic growths. The second row of phalanges are but little changed, whereas 
the first and the metatarsal bones all show more or less subperiosteal prolifer- 
ation of bone. The changes in the hand are of a similar nature, but less marked. 
The remaining bones of the skeleton appear unchanged. 

The changes in the joints are rather striking, especially the knees, ankles, 
elbows and wrists. In each instance besides the evident thickening in the soft 
parts, there is marked proliferation of the bone immediately adjacent to the 
joint surface and especially in the knee there is marked lipping. In these joints 
the cartilage is quite irregular and in a few places almost obliterated. In the 
case of the elbow joints, the increase in the bone substance is certainly much 
greater in the ulna than in the humerus, the olecranon process being greatly 
augmented in size by irregular newly-formed bone throughout the greater sig- 
moid cavity. In the carpus on each side there is a slight appearance of matting 
together of certain of the bones and in a few, slight proliferation is to be made 
out. About the epiphyseal portion of the radius and the very border of the 
joint cartilage is an immense, irregular, cauliflower-like new bone formation. 
The joint cartilage is evidently normal. In the hands and feet, only the most 
distal joints are essentially altered. The principal change consists in the pro- 
liferation of adjacent parts as in the case of the large joints, but in the feet the 
joint cartilage also seems more or less changed. 

The roentgenograms made in subsequent years show the same general 
changes. There is no evidence that the process has advanced and indeed in 
many of the bones there has been a more or less striking retrogression. The 
layer of subperiosteal new bone has become thinner, somewhat more dense in 
places, and, as a rule, less sharply marked off from the original shaft. 

Case 5. — Pleurisy with effusion; old phthisis; asthma; arteriosclerosis; pul- 
monary hypertrophic psteo-arthropathy, 

Mrs. C. C., aged 48, Boston City Hospital, Out-Patient Department, No. 
16320. Seen Dec. 6, 1907. 

Personal History . — Usually in excellent general health. About twenty years 
ago, the* patient had an attack of pleurisy in the right side, followed by a dry, 
hacking cough for some months. Occasional attacks of asthma since childhood, 
which later diminished in severity and none now except very rarely in the cold 
weather. Pneumonia seventeen years ago. 

Since last March she has had gradually increasing dyspnea, no palpitation, 
slight edema of the ankles and burning, toothache-like, intermittent pains in 
the long bones which are worse at night, when she is fatigued, and in cold 
and wet weather. At first they were chiefly in the legs, lower back, and fore- 
arms, but are now confined to the upper third of the left arm and along the 
course of the spine between the shoulders; occasionally in the wrists and knees, 
with some tenderness over the site of the pains. She has noticed for the last 
few months increasing stiffness and clubbed deformity of the ends of the fingers, 
which occasionally feel cold, but never numb, and with no^ other disturbances 
of sensation. The patient has lost 2o pounds in weight during the past 3 '^ear. 

The general health is good, but she finds that she is weak, clumsy and slow 
in getting about. 

Physical Examination— A very tall, emaciated, sallow looking woman. Skin 
atrophic. Lips and fingers cyanotic. The face appears gross and somewhat 
mask-like, somewhat suggestive of acromegaly. Pupils react normally. Iso 
glandular enlargement. 
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Chest: Left clavicle more prominent than right; right side of chest seems 
to move less with respiration than left. Apical outline on right considerably 
diminished, and ^yhole right side dull, becoming flat below the third rib front 
and a point two inches above the inferior angle of the scapula behind. In the 
upper part of the right chest the respiration is faint and of vesicular character ; 
over the lower part, practically absent. Fremitus is normal above, but absent 
over lower part of right chest. 

Heart: Normal in position. Left border just outside left nipple line. Impulse 
felt in sixth space. Sounds clear, rather sharp. No murmurs heard. Aortic 
second sounds somewhat accentuated. Pulse regular, rather full volume and 
high tension. Arteries tortuous and palpable. 

Abdomen negative. 

The bones of the lower legs and forearms in their lower third feel slightly 
enlarged and the parts appear definitely massive. No tenderness. Slight edema 
of the ankles. Kjiees somewhat swollen, evident thickening of the soft parts, 
and bony structures also feel massive; signs of small amount of fluid; motion 
normal; no redness or tenderness. Fingers and toes clubbed and of character- 
istic type. 

No tubercle bacilli found in the sputum. Temperature 99.4 F. Urine normal. 

Roentgen-Ray Examination . — ^All the distal phalanges of the hands and feet 
are more or less changed, in some instances rather strikingly. Several of the 
first row of phalanges show slight characteristic changes. In the metatarsus and 
metacarpus all the bones show a varying degree of subperiosteal formation of new 
bone. All the bones of the forearms and lower legs show changes practically 
throughout the shafts, the layer of new bone varying from one-sixteenth to one- 
quarter of an inch in thickness and being most pronounced at the distal ends. 
The outline is fairly even. The lower femur is slightly changed. No other bones 
of the skeleton are found changed. 

The only joints showing any changes are the knees. Here the periarticular 
soft parts are evidently thickened. There is considerable proliferation of the 
epiphyseal portion of the bones forming the joint, the irregular new bone extend- 
ing to the cartilage border and in a few places there is actual' lipping, as in 
osteo-arthritis. The interarticular cartilages are a trifle more irregular than 
normal. 

The patient was admitted to the wards Jan. 8, 1908, where she remained 
until Jan. 16, 1908. While in the hospital paracentesis of the chest was done 
and 16 ounces of clear, serous fluid withdrawn. 

Soon after discharge the patient went to her home in Nova Scotia and noth- 
ing is known of her condition since. 


DISCUSSION 

No siiinmary of the recorded cases of secondary hypertrophic osteo- 
arthropathy has been made since 1906 when Alexander^ published a 
synopsis of seventy-seven typical cases. As this author has apparently 
overlooked a few genuine cases of this disease, and as a considerable 
number have been published since the appearance of his paper, I have 
for purposes of discussion later, attempted an analysis of all the 
examples in medical literature with reference to the primary disease. 
As the description in many instances is extremely meager and no post 
mortem or Roentgen-ray examination is recorded, the selection of 
typical cases must be a somewhat arbitrary one. In the follou ing col- 
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lection I have included only those in which the clinical picture was 
absolutely typical, or in which a post mortem or Roentgen-ray exam- 
ination showed the presence of lesions in the bone characteristic of this 
disease.''' 

janeway's cases 

Case 1. — Male, aged 35; nine months' history of cough with evidence of 
chronic empyema communicating with a bronchus eight months after onset of 
primary lesion, pains in ends of the long bones coincident with enlargement 
of hands. Extreme clubbing of finger-ends; cyanosis and definite bone enlarge- 
ments of wrists and fingers. 

Case 2. — Male, aged 34; indefinite history; aortic endocarditis, irregular 
fever and chills accompanied by severe pains in ankles, knees and wrists. Swell- 
ing of extremities, followed three or four months later by extreme clubbing of 
the fingers (toes less) ; marked enlargement and some tenderness of the lower 
ends of the long bones. There was no fluid in the knee joints and the fingers 
were not cyanotic. Primary lesion probably a Streptococcus viridans endo- 
carditis. 

Case 3. — Male, aged 29; history of appendicitis four years before; pain in 
the right chest for five months ; dyspnea, loss of weight, enlargement of extremi- 
ties for few weeks and pain in wrist and ankles. Signs of fluid at right base; 
enlarged liver; secondary anemia. Distinct clubbing of the fingers, without 
cyanosis, and enlargement of the bones, both wrist and ankle. Radiographs 
by Dr. Cole showed definite though not extensive bone changes of osteo-arthrop- 
athy. Five weeks after he was first seen he coughed up blood and chocolate- 
brown pus, characteristic of a liver abscess, and a month later the enlargement 
of the wrists and fingers diminished. Complete recovery, and four years later 
in perfect health, when Roentgen ray showed that the enlargement of the soft 
parts had greatly diminished and that there was no change in contour or struc- 
ture of the bones of the hand or arm. 


^ The following cases (Abadie,^ Armour, ° Bailly,® B&Iere,^^ Bernhardt,^® Chatin 
and Cade,” 2; Chauffard,^ Combemale and Chatelin,” Combemale and Sonne- 
ville,” Emerson,®^ Fischer, “ Fliickiger,^ Gibson,” Gilbert and Fournier,” Gil- 
bert and Lereboullet,^® Gillett,^^ Godlee,” 3; Gouldesbrough,^^ 5; Gries,^® Groe- 
del,” Hartung,®^ 2; Hillier, unpublished, Hirschfeld,®* 3; Hoffmann,^ Jamet,®^ 
Joffroy,” Jovane,"^ 3; Le6n y Aviles, “^4; Macewen,'^^ Maeshima,"” S; Marfan,“= 
3; Marie, Marina,^® 2; Miller,^ Mobius,^* Moizard,”® 2; Moussous,^' Murray,”* 
0'Carrol,”= Orillard,”* Parmentier and Castaigne,”® Pidcock, unpubhshed, Puy- 
haubert,^^ Reed,^*^ Reynaud and Audibert,”® 5 ; Rotch and Dunn,”*" Ruehle, 
Saundby,^^^ Schmidt,^” Schou,^” Sevestre,^” Smirnoff,”® Taylor,^””* Thomp- 
son,”^ Thorburn,”® Variot and Chicotet,"” Vas,=” Vedel,=®® Villard,-^* West,^ 2, 
although in many instances included by one or more of the previous writers 
as cases of hypertrophic osteo-arthropathy, I have excluded since the clinical 
report, while giving evidence of clubbing of the fingers and toes, makes no men- 
tion of the characteristic changes in the long bones. Many are probably true 
examples of this condition, but the description is so incomplete as to make 
them of no value. Twenty-two other cases which are mentioned liter- 

ature of hypertrophic osteo-arthropathy (Chrysospathes,**^ Elliott, Field, 
Fraentzel,” Friedrich” and Erb,” 2; Gasne,” Gerhardt,” Gessler,” Guerin anj 
Etienne,'® Hirtz,” Jolly, ^ Koll,"^ Legrain,^” Mery and Guillemot,” Postmantir 
Sollier,”" Spieler,”- Tournier,^"^ Verstraeten,=^ v. Recklinghausen, Virchow 
I have excluded as being examples of other conditions than the one 
sideration. In only a few is there evidence even of true clubbing of the fingers. 
The papers by Fragle” and IMestre'^ I have not been able to obtain. 
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TABLE 1. — Published Cases Grouped According to the Primary Disease 

A. DISEASES RESPIRATORY TRACT 


Abscess of lung 1 

Bronchiectasis ' 27 


with emphysema 2 

with empyema 2 

with infantilism and lymphatism 1 

with meningitis 1 

with pleurisy 1 

with pulmonary tuberculosis 3 

with pulmonary tuberculosis and 

spinal caries 1 

with chronic nephritis 1 

with syphilis 1 

Bronchitis 5 

with emphysema 1 

with emphysema and syphilis 1 

with pleurisy 2 

with pneumonia 2 

with pneumonia and cardiac dila- 
tation 1 

with pulmonary tuberculosis 1 

Cyst of lung (hydatid) 1 

Empyema 8 

with bronchiectasis 1 

with bronchitis 2 

with chronic nephritis 1 

with adhesive pericarditis 1 

with pneumonia ._ 1 

with pulmonary tuberculosis 1 

Influenza 1 

Malignant disease — 

Cancer lung 1 

Cancer mediastinum 1 

Cancer mediastinum, lungs and 

pleura ; endocarditis • y 1 

Lymphadenoma of mediastinum, 1 
Sarcoma of lungs 4 

Sarcoma of mediastinum 1 

Pleuritis, effusion 1 

Pneumonia 1 

with bronchitis _ 1 

with endocarditis, chronic neph- 
ritis 1 

Streptothrix of lungs. _. 1 

Pulmonary tuberculosis 16 


ICerr.^' 

Alexander,® 4; Bamberger,®® 6; Botez,®* 
Brooks,®® 2; Dennig," Doebblin," 2; 
Emerson,®® Freytag,®® Godlee,®® Jane- 
way,®® Maguire,®®® M a s s a 1 o ngo,®®® 
Mosti,®®® S i 1 1 a,®®® T h o m p s o n,®®® 
Wynn,®®® 2. 

Brooks,®® Gillett.” 

Godlee,®® Thayer.®®® 

Franchini.®® 

Brooks.®® 

Thayer.®®® 

Bamberger,®® Emerson,®® Janeway.®® 

Walters.®®® 

Brooks.®® 

Van Deventer.®®® 

Blakeney,®® Brooks,®® Edgar,®® Genova,®* 
Stockman.®®® 

Thiroloix and Jacob.®®® 

Reynaud and Audibert.®®® 

Emerson,®® Pichard,®®® 

Stembo,®®® Roubinovitch.®®® 

Brooks.®® 

Salles and Halipre.®®® 

Thoinot and Delambre.®®® 

Bondi,®® Genova,®* Janeway,* Lefeb- 
vre,°® Rauzier,®*® Rendu and Boul- 
loche,®®® Thayer,®®® 2. 

Demons and Binuad.** 

Davis,*® Mouisset et Orsat.®®® 

Emerson.®® 

Springthorpe.®®* 

Thompson.®®® 

Prokop a Stretti.®*® 

Redmond.®*® 

Thompson.®®® 

Strangeways and Ponder.®®® 

Ewald.®® 

Weber.®®® 

Alexander,® Cagnett o,®® Hall,®* 
Saundby.®"® 

Hasbrouck.®® 

Sternberg.®®® 

Barot and Pichard.®® 

Brooks.®® 

Schittenhelm.®®® 

Landis.®® 

Brooks,®® Curl,*® Harris.®® Landis,*® 
Lockwood,®®® Maguire,®®® Massalongo 
and Gasperini,®®® Mestre,®®® Medn and 
G u i 1 1 i o n,®®® Mettenheimer,®®® Spill- 
mann and Haushalter,®” Steven,®*® 
Teleky,®®® Therese,®®® Thompson,®®® 
Thorburn.®*^ 
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TABLE 1.— 


Pulmonary tuberculosis — 

with aortic insufficiency 1 

with empyema 2 

with pleurisy with effusion; 

aortic stenosis 1 

with spinal caries 2 

with stenosis of esophagus 1 


108 


(Continued.) 

Bamberger,^ 

Gouraud*^ and Marie, ^ Packard.^” 

Thorburn,"""""* Whitman.^^® 
Hartung,®' 


B. DISEASES CIRCULATORY TRACT 


Aortic insufficiency 

1 

Bamberger.'® 

Congenital heart — 

Defect of septum 

1 

Shaw and Cooper. 

Pulmonary stenosis 

1 

Bamberger.'® 

Endocarditis 

1 

Janeway.* 

Mitral stenosis ; hydatid cyst of 

liver 

Pulmonary stenosis ; aortic insuf- 

1 

Thorburn.“^ 

ficiency 

1 

6 

Bamberger.'® 


C. DISEASES ALIMENTARY TRACT 


Abscess of liver 1 

Abscess of liver, empyema and 

syphilis 1 

Hypertrophic biliary cirrhosis 6 

Chronic enteritis 2 

Chronic jaundice 3 


13 


Janeway.* 

Gilbert et Fournier,*'® 2; Obermayer, 
3; Van den Bergh,^®® 

Renner, ““ TelkeyJ®" 

Obermayer,'®' 2; Decloux and Lipp- 
mann.*® 


D. MISCELLANEOUS 


Abscess of axilla, syphilis, pulmon- 
ary tuberculosis 1 

Abscess salivary gland 1 

Cancer of breast, neck, larynx, 

thyroid 1 

Polyuria ^ 1 

Spinal caries ; amyloid ^ disease 1 

Syphilis (congenital), jaundice 1 

Syphilis ; pelvic abscess ; pulmon- 
ary tuberculosis with cavity 1 

~~7 

No known antecedent disease 5 


Newton and Mercelis.'®® 
Wolfsohn.®'' 

Kruger.“ 

Apert and Rouillard.** 

Thompson.'®® 

Thompson.”® 

Chretien,®^ 


Gluzinski,*® Reed,'” Soltau,'*' Symons, 
van der Weijde en Buriiigh Boek- 
houdt.”® 


* Through the courtesy of Dr. Janeway I am able to give a summary or 

three of his unpublished cases. 
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Hypertrophic osteo-arthropathy is so generally secondary to some 
obvious primary disease that the occasional recorded instances which 
are apparently without relation to some antecedent disease are worthy 
of careful consideration as particularly affecting the question of eti- 
ology. In all, twenty-one such examples are quoted in the literature. 
Case 1 of this report must also be discussed with this group. 

Gerhardt’s^® case, although accepted by Wynn-^® and Janeway®® as 
a true case of hypertrophic osteo-arthropathy, seems to me from the 
description given to be more characteristic of acromegaly, as an 
example of which it was published. The case of Gessler®’’ likewise 
should be classified as probable acromegaly. PostmantirV^® case is 
doubtful, although the fingers are mentioned as clubbed. Guerin and 
Etienne"® conclude that their case is not a true example of Marie’s 
type. SchmidT“® published a very meager history of a woman of 48 
with hypertrophy of the ends of the fingers and toes, but without men- 
tion of bone changes, in which the only antecedent diseases were rheu- 
matism and acquired syphilis twenty-three years previously. Improve- 
ment with potassium iodid is recorded. The case does not appear 
typical and, indeed, one is left with the impression that the condition 
is probably entirely due to the luetic infection. These five cases then 
can be eliminated without further discussion as atypical or doubtful. 

The remaining sixteen cases are all probably examples of osteo- 
arthropathy, although in several instances the history is somewhat 
meager. In three of them (Apert and Rouillard,"* Gouraud"®-Marie,^^® 
Lockwood’-”®) a definite disease is mentioned which seems clearly to 
have been the primary condition, and these should consequently be 
excluded. In eight others the past history is so suggestive of a primary 
basis for the osteo-arthritic changes that they cannot be accepted as 
unquestioned examples of primary osteo-arthropathy. Brooks,®” in 
commenting on his own case (No. 5), states that, while no pulmonary 
lesions can be demonstrated, the history of many previous attacks of 
bronchitis makes it quite probable that it is one of pulmonary origin. 
Wolfsohn’s®’* patient, a man of 34, had an operation for inflammation 
of the salivary gland at 24, soon after which he first observed the 
changes in the fingers. The author expresses the opinion that the 
osteo-arthropathy may have been secondary to this inflammatory 
process. He acquired syphilis two years after the diagnosis of osteo- 
arthropathy was evident. In one (Decloux and Lippmann'’®) there is 
an indefinite previous history of icterus, erysipelas of both lower legs 
and synovitis. In the case of Newton and Mercelis,^®” a man of 3o, 
there was a family history of tuberculosis with a personal history of a 
morning cough for years. He was rejected four times for the army 
because of ‘Sveak chest.” Twelve years previously he had an ulcer on 
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the penis, presumably the primary lesion of lues. At the time of the 
observation he entered the hospital for a large axillary abscess, which, 
after operation, ran a very protracted course. Salles and Halipre’s^®*’ 
case had a family history of tuberculosis' and he had had, five years 
previous to the first observation, a severe and obstinate bronchitis. 
There were also indefinite signs in the lungs at the time the condition 
in the bones and joints was described. Spillmann and Haushalter^^^ 
state that in their case the signs of the disease appeared a year previ- 
ous to the development of pulmonary tuberculosis. In view of the 
fact that pulmonary tuberculosis is frequently of very insidious type 
and may exist for many years before being recognized, it would seem 
probable that an unrecognized tuberculosis of the lungs was the focus. 
Similarly in Steyen’s^'^^ case there is evidence of a more or less chronic 
process in the lungs with cough, but at the time of entrance to the 
hospital no signs of disease were found in the chest. Thiroloix and 
Jacob^®“ publish their case as one of the primary type and the lungs as 
normal, but in the history state that he was a chronic sufferer from 
tracheobronchial catarrh and emphysema. While it is impossible in 
the above eight cases to state precisely the primary disease, the pres- 
ence of some condition known to cause changes characteristic of osteo- 
arthropathy is so strongly suggested by the history in each that it seems 
fair to challenge them as primary cases. 

There remain then but five cases which offer any definite positive 
evidences of the existence of a primary type of hypertrophic osteo- 
arthropathy (Gluzinski,"2 Reed“" (Case 4), Soltau,”^ Symons, 
Van der Weijde en Buringh Boekhoudf^®®) . Each author particularly 
states that there was no antecedent disease and the histories are uni- 
formly without definite suggestion of such, although in several the 
clinical description is meager. In Soltau’s case the patient gave a his- 
tory of a severe attack of influenza eighteen months previously, but 
no signs or symptoms of any pulmonary disease remained. These 
cases lose much of their significance, due to the fact that in none was a 
post mortem examination made, without which it is impossible to state 
positively that no primary disease was present. Mention is made of a 
Wassermann reaction in only two and a tuberculin test in only one. 
It is very reasonable, then, to consider that some cardiac or pulmonary 
condition, some obscure focus of infection or a liver cirrhosis, might 
have existed without being manifest. 

Furthermore, it »may be possible that in rare instances osteo- 
arthropathic changes may, when once well established in the tissues, 
and contrary to the usual course of the disease, become progressive in 
spite of healing of the original infectious focus. Such may have taken 
place in Case 1, described in this paper. It is evident from the history 
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, that in 1906 he suffered from a very severe infection, the nature of 
which is not evident from the patient’s description nor from the post- 
mortem examination. The appearance of the symptoms in the joints 
and bones which were observed by the patient two years subsequently 
makes it seem probable that these were induced by this acute illness. 
Ihe earlier 'disease, however, entirely disappeared, leaving no traces 
of its nature, while the osteo-arthropathy irregularly but gradually 
advanced. The malignant disease of the left lung found at necropsy 
may have existed longer than would be indicated by the history, but 
repeated roentgenograms failed to demonstrate any abnormal process 
in the lungs until 1913, while the patient observed the first signs of the 
osteo-arthropathy in 1908. 

We are justified, I believe, in taking the grounds that the six cases 
just cited suggest the possibility only of a primary form of osteo- 
artropathy. If such a type does exist, it is indeed strange that among 
the large number of cases in the literature none is to be found which 
is indisputably primary. On the other hand, as Brooks states, one is 
struck with the constancy of evidence that hypertrophic osteo-arthrop- 
athy is the result of some primary disease. 

The considerable number of post-mortem examinations on cases of 
this disease together with Roentgen-ray studies during recent years 
leaves no question as to the essential features of its pathology. So 
far as the skeleton itself is concerned, the changes consist primarily 
in a slowly progressive, ossifying periostitis beginning usually in the 
distal ends of the diaphyses of the bones of the forearm and lower 
legs, later involving also the other bones of the limbs and even in some 
cases nearly all the remaining bones of the skeleton. Later in the 
course of the disease and coincident with the periosteal proliferation, 
there is also a rarefying osteitis of the shafts with fatty changes in the 
marrow. Various authors of recent years seem to be in agreement as 
to the exact nature of the histological changes taking place, and these 
need not be discussed here. A study, however, of a series of cases 
over a long period of years by means of frequent Roentgen-ray exam- 
ination has afforded the author an opportunity for close observation 
as to the extent of the affection of the bone in advanced stages of the 
disease and the changes which take place at various periods. 

In the first place, it does not appear to be generally recognized that 
the changes in the skeleton in a well developed case of secondary 
hypertrophic osteo-arthropathy are seldom confined to the bones of 
the forearms, hands, lower legs and feet as so often described. In 
Case 1, for example, the alterations were almost general. In fact, it 
may be stated that a Roentgen-ray examination in these cases always 
reveals skeletal changes of greater extent and of a more marked type 
than is at first evident. 
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In his original paper, Bamberger’ ^ says that in the long existing 
cases the periostitis ossificans leads to thickening and condensation of 
the cortex and that here we have a later stage of the process which is 
seldom seen because in most instances the primary disease has led to 
death earlier. This transformation has been observed several times in 
the cases described above. While at first the new subperiosteal bone 
is sharply differentiated from the old shaft, at a later- period, that is, 
usually after a lapse of two or three years, the two become more or 
less fused and in most places are indistinguishable. Judging from our 
own observations only, this transformation appears to occur in those 
cases which remain more or less stationary as well as in those which 
have a chronic progressive course. Accompanying this fusion just 
mentioned in the late stages of the disease, the entire structure of the 
bones, especially those most involved, becomes entirely altered. In the 
most extreme cases there remains scarcely any of the appearances of 
the original bone. Instead the osseous tissue appears very thin and 
of a coarse, irregular structure, in general very closely resembling the 
appearances seen in typical cases of osteitis deformans. I have never 
seen, however, any curving of the bone or deformity, except in outline, 
as is so characteristic in this latter disease. As a late manifestation, 
I have once or twice seen evidences in individual bone of a character- 
istic atrophy, although as a rule the process is primarily one of hyper- 
trophy. These changes just described are admirably shown in Figures 
5, 6, 7 and 8. 

The statement made by most authors that the changes in the bones 
are confined essentially to the diaphysis is wide of the truth. While 
the process does probably invariably begin in the diaphysis as shown 
in Figure 10, yet all well-established cases show a very marked new 
formation of bone in the epiphyseal portion. It is usually much less 
regular than the sheath about the diaphysis and apparently much less 
rich in lime salt, appearing as a mossy, faint deposit in the roentgeno- 
gram, which most commonly stops abruptly at the line of the joint 
surface. This is well indicated in Figures 5, 6 and 8. These latter 
changes closely resemble, or are even identical with, the appearances 
seen in cases of acromegaly. 

The Roentgen-ray examinations of the first four cases indicate 
very clearly that the process in the bones follows a course parallel to 
the slowly progressive clinical course. That the almost extraordinar\ 
diminution in the size of the affected parts which has so often been 
observed during the periods of remission, is due primarily to changes 
in the soft tissues rather than the bones, cannot be doubted, but in 
three of my cases (Cases 2, 3 and 4) there has been ob&er-ve a ter 
varying periods an unmistakable retrogression in the bony ^ 

which has led to a slight diminution in the size of the bones t emse \e... 
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There is an almost complete unanimity of opinion among authors 
on this subject, that the clubbing of the fingers and toes in cases of 
secondary hypertrophic osteo-arthropathy is due entirely to changes in 
the soft parts. I have found but three writers who record changes 
found in these bones by the Roentgen ray. Gouldesbrough^^ states that 
ill his cases there was definite proliferation in the distal phalanges. 
Teleky^s^ says that increase in the size of these bones is rarely seen, and 
reports one case in which the Roentgen ray showed a slight deformity * 
of two only. In a single case, Kruger®" demonstrated mossy deposits in 
the diaphysis of the end phalanges. In my cases more or less marked 
changes were found in all five. In two they were slight, but in the 
remaining three very noteworthy (Figure 9). The changes noted in 
these five cases consisted essentially in a proliferation of the distal half 
of the last phalanges, usually giving the “burr form,” but occasionally 
with immense burr-like processes as seen in Figure 9. 

Considerable controversy has centered about the question of the 
pathological processes accompanying the constant and usually striking 
objective signs in the joints adjacent to the affected bones. Many of 
the older writers have claimed that the changes were entirely confined 
to the periarticular tissues, the interarticular cartilage always remain- 
ing intact and unchanged. The more recent writers are largely in 
accord in their description of the pathology of the joints, and nearly 
all admit that besides the thickening of the periarticular tissues and 
the presence of effusion, there are, at least in the most developed cases, 
changes in the cartilage as well. It is commonly more or less eroded 
and in rare instances has entirely disappeared. Reynaud and Audi- 
bert,^®® and Ball and Alamartine^^ describe true osteophytes as occa- 
sionally occurring and even a considerable degree of ankylosis as a 
result. All of these lesions have been present in my cases, and, clin- 
ically, the severe s3nnptoms and disability have been due largely to the 
conditions in the joints. In Case 1, for example, for a long time at the 
beginning the symptoms were entirely confined to the joints, and 
throughout the course of the disease the symptoms were referred very 
largely to these parts. 

Several authors have in individual cases described a marked irregu- 
larity in the course of the disease which my observations on four of 
the above cases followed for a considerable time seem to show to be 
characteristic. It is a common observation that cases of simple club- 
bing occurring secondary to such diseases as empyema, quickly return 
to normal size and appearance after the evacuation of the pus. Only 
a few cases of hypertrophic osteo-arthropathy, however, are on record 
in which similar changes have taken place, and only a few of these 
were observed by the Roentgen rays with reference to the possible 
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participation of the bones in this retrograde process. Thompson^®^ lays 
particular emphasis on the fact that clubbing may entirely disappear 
with improvement in the primary disease, but states that there is no 
evidence that absorption of the newly-formed bone ever occurs. In 
Gillett’s^^ case considerable improvement in the fingers and toes fol- 
lowed almost immediately the drainage of the empyema, but the con- 
dition in the bones was not studied by means of the Roentgen rays. 

. Thorburn’-®^ likewise in one case of phthisis with cavity, after drainage, 
and a second of empyema, after operation, speaks of retrogression in 
the clubbing of the fingers. Godlee’s^^ case of bronchiectasis and 
empyema developed clubbing after four months, which disappeared 
ten weeks after the cessation of expectoration. Schittenhelm^®^ studied 
his case by means of skiagrams and found that the diminution in the 
swelling was confined entirely to the soft parts, the affected bones 
remaining unchanged. Alexander^ notes an improvement following 
the improvement in the primary bronchiectasis. At the time the case 
was published the lung condition was practically normal and the joint 
symptoms and swelling had entirely disappeared. The bones did not 
seem enlarged and skiagrams showed that the new bone had become 
more dense and so closely fused with the old shaft that the line of 
\ division was only to be made out in places. These changes in the 

bones are evident in Plates III and IV of his article. The author 
speaks of this as a unique case. Relief of .symptoms in the joints and 
the pain in Botez’s*'^ case of bronchiectasis and gangrene of the lungs 
followed the treatment of the lung condition. Likewise in Barot and 
Richard’s^® case, the improvement in the pneumonia following treat- 
ment resulted in an improvement in the general condition and espe- 


cially the joint symptoms. 

In Case 5 of my series, no opportunity was offered to study the 
course of the disease as the patient was under observation only a few 
days ; but in the other four which were studied for a period of years 
there was a very extraordinary variation in their course. In Cases 2, 
3 and 4 the alternating periods of exacerbation and retrogression con- 
stantly followed an increase or diminution in the activity of the 
primary disease. The course in Case 1 is most interesting. Exactly 
the same variations were noted throughout the period of nearly six 


years while under observation, although no primary disease was ever 
found. At times the symptoms in the joints were very acute and 
accompanied by enormous swelling and stiffness, with evident increase 
in the degree of clubbing of the fingers and toes. Following t lese 
periods there were intervals of weeks or months when the symptoms 
of pain almost entirely disappeared and the swelling and c u 10 ^ 
diminished materially. The bones were studied at frequent mtervas 
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during the entire period of observation by means of the Roentgen rays 
and never gave any evidence whatsoever of any retrogression in the 
bony changes, though for considerable periods coincident with the 
remissions in the clinical course, the process appeared to be at a stand- 
still. As stated An the history of the case, the explanation of this is 
probably found in the fact that the disease ran a chronic and irregu- 
larly progressive course. As in Alexander's^ case, the new bone in 
many cases became closely fused with the old, but never less in thick- 
ness. The course of the process in Case 2 is especially noteworthy. 
On March 24, 1913, the patient was readmitted to the hospital appar- 
ently in a dying condition. There was a generalized tuberculosis 
involving both lungs, with signs of a large cavity on the left and a 
very abundant putrid expectoration. There was also cardiac decom- 
pensation and a tuberculous enteritis. Signs of the osteo-arthropathy 
were very striking and much more marked than previously. After a 
year’s residence in the hospital, the patient showed the extraordinary 
improvement in general condition which sometimes occurs in advanced 
pulmonary tuberculosis. The enteritis had entirely disappeared, the 
heart had become perfectly compensated, and the condition in the 
lung essentially quiescent. The sputum, likewise, had practically 
entirely disappeared. All the symptoms and signs in the arms and legs 
showed a corresponding and surprising improvement. There was still 
slight enlargement of the lower forearms and lower legs, with slight 
swelling of the wrists, ankles and knees and a moderate clubbing in 
the fingers and toes. The changes previously noted in the bones of 
the hand and especially in the terminal phalanges had literally almost 
disappeared. The layer of periosteal new bone in the forearms and 
legs was much thinner, more dense and, except in a very few places, 
formed a part of the original shaft. In this case, then, there was an 
unmistakable process of resorption. Exactly the same type of retro- 
gression in the newly formed osseous tissue was observed in Case 3. 
Case 4 has been under observation for eleven years. During the first 
year of this period the patient was operated on for the empyema, which 
promptly healed and he has had no return of symptoms. For the past 
nine or ten years the bronchiectasis has been quiescent and the patient 
at work constantly, seemingly in good general health. The condition 
of osteo-arthropathy has apparently remained absolutely unchanged. 

“ There are no symptoms in the joints or long bones. During the first 
few years there was unmistakable evidence in the roentgenograms of 
a process of retrogression in the bone, but during recent years they 
have remained unchanged. 

From these observations it seems fair to conclude that there is in 
hypertrophic osteo-arthropathy a characteristic irregular clinical com se 
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with exacerbations and remissions following increased activity or 
improvement in the primary disease. These fluctuations in local signs 
are largely due to changes in the soft parts, although it is probable that 
in many instances a similar variation, but of less marked degree, takes 
place in the osseous tissue as well. It is possible that in some of the 
early cases perhaps of the acute type, the bones, if not too much 
affected, may, with the cure of the primary disease, return to their 
normal size. It is probable, as Lemercier^°^ suggests, that when the 
osteo-arthropathy has passed the first stage, the retrogression is never 
complete. There can be little doubt that in a large number of cases, 
following the cure of the antecedent disease, the osteo-arthropathy 
becomes in a strict sense quiescent. Case 1 of my series suggests that 
rarely the disease, once well established, may continue progressive 
quite independently of the. original disease focus. 

The role played by pulmonary tuberculosis as a cause of hyper- 
trophic osteo-arthropathy has been frequently discussed and several 
authors have commented on the relative infrequency with which 
osteo-arthropathy occurs in association with this disease. Alexander^ 
collected seventy-seven typical cases of hypertrophic osteo-arthropathy 
from the literature and among them found fifteen of pulmonary tuber- 
culosis, or 19 per cent. Janeway®^ collected ninety-three typical cases, 
sixteen associated with pulmonary tuberculosis, or 17 per cent. 
Wynn-^® found one hundred cases with eighteen, or 18 per cent, of 
tuberculosis of the lungs. The literature to date contains 139 cases 
which, with the five here recorded, make a total of 144, of which thirty 
followed pulmonary tuberculosis, or 20 per cent. Three of the five 
patients here reported were suffering from this disease. These more 
recent figures distinctly emphasize the importance of pulmonary 
tuberculosis in the etiology of osteo-arthropathy. The explanation of 
the fact that pulmonary tuberculosis, which is such a common disease 
of the lung, in comparison with bronchiectasis, which is more fre- 
quently the cause of osteo-arthropathy, is perhaps found, as Thompson 
suggests, in the fact that in pulmonary tuberculosis there is usually but 
a slight degree of toxemia, and the fact that the secretions from the 
lungs are easily raised and therefore not so effective as in the case of 
bronchiectasis as foci of infection. Figures from Groups B, C and D 
reported in this paper still further emphasize the importance of pul- 
monary tuberculosis as the etiological factor in the disease under dis- 
cussion. In all, among the thirty-nine miscellaneous cases studied, 
nineteen were pulmonary tuberculosis, and of these six showed changes 
in the long bones typical of osteo-arthropathy, or 50 per cent, of 
Group C which showed the lesions of osteo-arthropathy. If simple 
clubbing of the fingers is to be considered as merely an early stage of 
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osteo-arthropathy, as I believe can be shown from a study of these 
groups, then tuberculosis of the lungs will take first place in the list of 
diseases inducing these bone and joint changes. 

THE RELATIONSHIP OF SIMPLE CLUBBING TO SECONDARY HYPERTROPHIC 

OSTEO-ARTHROPATHY 

Although much has been written concerning the possible relation- 
ship of these two conditions, writers on the subject are far from an 
agreement, and it must still be regarded as an open question. The con- 
fusion in the literature is evident from the fact that although most 
authors restrict the term secondary hypertrophic osteo-arthropathy to 
those cases showing alterations in the long bones as well as clubbing 
of the fingers, a considerable number of cases of simple clubbing of 
the fingers have been reported as examples of this disease. By far 
the majority of authors consider these two conditions at least closely 
related if not identical. Bamburger^^ published three cases in which 
there were no changes except the hippocratic fingers, but which at 
post mortem examination were found to have periostitis of the long 
bones, and concludes from his observations that the clubbing in the 
distal phalanges is simply the first stage of osteo-arthropathy and that 
both conditions are co-effects of the primary disease. Marie^^^ believes 
that the hippocratic fingers seen with various lung diseases are not 
essentially different, from those observed with osteo-arthropathy. 
Lefebvre°“ argues that both are phenomena of the same order. 
Thompson’^^- maintains that a common cause exists for both and that 
the drumstick fingers are simply the initial stage of osteo-arthropathy. 
Landis'’® argues that since both are associated with the same primary 
conditions, that osteo-arthropathy is always accompanied by clubbing 
of the fingers and toes, and that some cases of simple clubbing have 
shown changes in the long bones, this should be regarded as an incipient 
or arrested stage. Wynn,-'"® in the conclusion of a long discussion, 
says “One is forced, I think, to the conclusion that simple, ordinary 
clubbing is but the early stage of the condition which in later stages is 
termed osteo-arthropathy. It is produced by a lesser action of the 
same causes, which are probably toxic.” Janeway®® is of the opinion 
that they are different stages of the same process. Lemercier'^®® regards 
club fingers as an abated form of osteo-arthropathy or the latter in 
process of evolution. Essentially the same view of the close relation- 
ship between these two conditions is held by various other authors 
including Rauzier,'^-'® Walters,®"® Geraud,®® Reynaud and Audibert,"®® 
Mobius,"-" Vedel,-®® Viliard,®®® Comby,®® Telelcy"®® and others. Rendu 
and Boulloche,"°" on the other hand, are emphatic that hypertrophic 
osteo-arthropathy should not be confounded with digital deformities 
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occurring with other diseases, especially those producing cyanosis. 
Genova*’'^ contends that an essential difference exists between the two. 
Labrit^^ believes them to be independent conditions. Beclere^* and 
Dennig‘‘"‘ found no osseous lesions in their cases of hippocratic fingers 
and therefore maintain that this condition is distinct from hypertrophic 
osteo-arthropathy. Bezancon and Jong^** made an exhaustive study 
of the subject and differentiate the two conditions as follows: First, 
in hippocratic fingers the process is always limited to the end phalanges, 
irrespective of the length of the causal diseases, while in osteo-arthrop- 
athy there are always multiple deformities of the bones and joints; 
second, pain and ftmctional immobility, which are always present in 
the latter condition, are never seen in the former; third, pathological 
changes in simple clubbing consist entirely in hypertrophy of the soft 
parts, while in osteo-arthropathy lesions are osseous, articular and 
periosteal; fourth, no case of osteo-arthropathy is recorded which 
began as simple clubbing. They conclude that the two conditions have 
no relation to each other. 

In an effort to settle this question, I have, during the past few 
years, studied a miscellaneous group of thirty-nine cases of simple 
clubbed fingers occurring with a considerable variety of diseases. A 
summary of these cases together with the results of Roentgen-ray 
examination and grouped according to the osseous lesions found, are 
given below. 

Group B. — Twenty-Tzvo Cases of Simple Clubbing zvith Changes Con- 
fined to Soft Parts'-^ 

Case 6. — F. A., male aged 20, Boston Consumptives’ Hospital, March 26, 
1914. 

Chronic pulmonary tuberculosis. Stage III, with large cavity in left upper 
lobe. Symptoms marked, with dyspnea and cyanosis. 

Marked clubbing in fingers and toes. 

Case 7. — H. B., boy, aged 18. Patient under observation for the past ten 
years. Chronic abscess of left lower lobe, with typical signs, but very few con- 
stitutional symptoms. Patient in good general condition, at regular occupa- 
tion and no symptoms except slight cough with occasional raising of moderate 
amount of rather foul sputum. 

Fingers and toes moderately clubbed. 

Case 8. — B. C., man, aged 39, Boston Consumptives’ Hospital, Oct. 31, 1909. 

Empyema with operation ten years ago; sinus still discharging. Old 
disease. Chronic pulmonary tuberculosis, Stage III. Patient, although no 
confined to bed, is very weak and emaciated. There is moderate dj’spnea wi 
exertion, but no cyanosis. Never noted any changes in the ends of the fingers, 
but for past two years has had nearly constant dull pains in the lower legs an 
the bones have been sensitive. 


Systematic Roentgen-ray examination in each case failed to show any 
abnormalities in the distal phalanges, long bones or joints. 
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The ends of the toes and fingers are. all strikingly clubbed, but without 
marked cyanosis or injection of the nail bed. The forearms appear normal but 
the lower legs are possibly a little enlarged, although the bones feel normal. 

Case 9.— W. C, woman of SO, Long Island Hospital, seen March 16, 1910. 

The patient in last stages of pulmonary tuberculosis and confined to bed. 
Extensive process in lungs, with cavity formation. 

Only slight clubbing of fingers and toes. 

Case 10.— A. D., a bartender aged 41, seen at the Boston City Hospital 
August 5, 1910. 

Chronic alcoholism; cirrhosis of the liver with ascites; chronic pulmonary 
tuberculosis. Stage III. The patient is emaciated and very weak; consider- 
able dyspnea. 

All the fingers show moderate clubbing, which is most marked in the thumb 
and the next two fingers. Feet are similarly affected. 

Case 11.— J. E., man aged 32, seen at- Long Island Hospital March 21, 1910. 

Chronic pulmonary tuberculosis without cavity formation. Slight clubbing 
of fingers and toes. 

Case 12.— G. G., man aged 50, seen at Boston Consumptives' Hospital March 
1, 1914. 

Chronic pulmonary tuberculosis. Stage III, with cavity formation; marked 
toxemia. Considerable dyspnea and cyanosis. Recent severe hemorrhage. 

Moderate clubbing of fingers and toes. 

Case 13. — E. K., man aged 40, seen at the Long Island Hospital March 19, 
1910. 

Pulmonary tuberculosis. Stage III ; mitral stenosis and regurgitation ; chronic 
alcoholism. 

The fingers and toes show only a slight degree of clubbing. 

Case 14. — ^T. F. K., man of 30, entered the Boston City Hospital December 
15, 1913. 

Malignant endocarditis, with positive blood cultures on April 24, 1914. Death 
a few days later. No necropsy. 

Clubbing of fingers and toes developed while under observation in the hos- 
pital and became fairly well marked. 

Case 15. — A. L., man aged 32, seen at the Long Island Hospital April 16, 1914. 

Typical case of advanced pulmonary tuberculosis with extensive cavity for-- 
mation; ambulatory, but in an extremely weak condition, with considerable 
dyspnea and some cyanosis. 

All the fingers and toes are strikingly clubbed and the hands and feet appear 
clumsy and thickened. 

Case 16. — J. J. M., man aged 42, admitted to the Boston City Hospital April 
10, 1910. 

Pulmonary tuberculosis, stage III, with severe symptoms ; chronic alcoholism. 

Clubbing of the fingers and toes of moderate degree. 

Case 17.— T. P. M., man aged 33, seen at Boston Consumptives’ Hospital 
April 24, 1914. 

Pulmonary tuberculosis, stage III, without signs of cavity formation. Con- 
siderable cyanosis and dyspnea. 

Moderate clubbing of fingers and toes. 

Case IS. — A. R., male aged 70, seen at Long Island Hospital March 21, 1910. 

Arteriosclerosis; apoplexy; senile dementia; emphysema with marked dys- 
pnea and cyanosis; no temperature. Patient died May 1, 1910. 

Very moderate clubbing in fingers and toes. 

19-— J. S., man aged 44, seen at the Long Island Hospital March 21, 
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Chronic alcoholism; chronic pulmonary tuberculosis with cavity formation; 
chronic interstitial nephritis; probable old syphilis. Patient died Oct. 21, 1910. 
No necropsy. 

Moderate clubbing of fingers and toes. 

Case 20. — ^J, S., a woman aged 31, entered the Boston City Hospital April 
13, 1913. 

Chronic jaundice due to probable malignant disease of the liver; extreme 
emaciation with marked dyspnea. Lungs and heart normal. Patient died May 
6, 1913. No necropsy. 

Moderate clubbing of fingers and toes. 

Case 21. — P. S., man aged 21, seen at the Boston City Hospital May 6, 1913. 

Aortic regurgitation and stenosis; chronic nephritis. Severe hemorrhage 
from gums and mucous membrane, with resulting extreme anemia. Unusually 
severe dyspnea with the slightest exertion. 

Moderate clubbing of all the fingers and toes. 

Case 22. — A. S., male aged 59, seen at Boston Consumptives^ Hospital March 
5, 1914. 

Chronic pulmonary tuberculosis, stage III, with extensive but inactive process. 
Occasionally some cyanoisis of fingers. 

Moderate clubbing of fingers and toes. 

Case 23. — J. C. S., male of 68, seen at Long Island Hospital March 20, 1910. 

Asthma since 12; mitral regurgitation with hypertrophy and dilatation of 
the heart; eczema; chronic interstitial nephritis; arteriosclerosis. 

Moderate clubbing of fingers and toes. 

Case 24. — C. T., woman aged 22, entered Boston City Hospital April 1, 1910. 

Infection with colon bacillus; septicopyemia and pyonephrosis. 

Slight clubbing of fingers and toes developed while patient was under 
observation in the hospital. Nails deeply cyanosed. 

Case 25. — A. N. V., a boy aged 16, entered Boston City Hospital Dec. 23, 1913. 

Pneumonia with complicating endocarditis and pericarditis. High, irregular 
temperature with marked dyspnea and anemia. Some cyanosis of the 
extremities. 

Moderate clubbing of the fingers and toes, where the changes seem to be 
largely in the soft parts. 

Case 26. — T. W., a boy aged 4, entered the Boston City Hospital May 9, 1914, 
service of Dr. Lothrop. 

Abscess of left lung since one year old, with very severe, persistent, spas- 
modic cough accompanied by a large amount of mucopurulent, occasionally 
bloody and moderately foul sputum. Fever and night sweats. Extensive and 
marked signs of cavity in the left chest. 

The fingers and toes show a striking and typical condition of clubbing. 

Case 27. — R. W., a boy aged 11, entered Boston City Hospital Nov. 16, 1906. 

Bronchiectasis with typical cough and sputum following pneumonia four 
years previously. 

Jan. 26, 1910. The fingers and toes show a moderate degree of clubbing, 
although considerably less than formerly. 

Group C. — Five Cases of Simple Clubbing zvith Changes in the Distal 

Phalanges 

Case 28. — M. B., woman aged 40, Long Island Hospital, Feb. 13, 1909. 

Chronic pulmonary tuberculosis, stage III, without signs of cavity. Patient 
died Jan. 23, 1912. No necropsy. 

No alterations in the limbs except a slight degree of clubbing in the fingers 
and toes. 
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Roentgen-ray examination March 16, 1910. The distal phalanges of the 
hands show a slight proliferation in their outer half. The remaining bones of 
the skeleton and the joints were not examined. 

Case 29.— A. K., woman aged 61, seen at the Long Island Hospital March 
16, 1910. 

Chronic pulmonary tuberculosis without signs of cavity. 

Characteristic clubbing of the fingers and toes of moderate degree. 

Roentgen-ray examination March 16, 1910. Hands and forearms only. 
Considerable proliferation of the distal phalanges. Otherwise the bones and 
joints are normal. 

Case 30. — B. K., female aged 65, entered Long Island Hospital July 28, 1910. 

Chronic bronchitis; chronic nephritis; arteriosclerosis with aortic roughen- 
ing and mitral insufficiency. In August, 1910, an attack of pneumonia with 
delayed resolution. Died April 27, 1911. No necropsy. 

Moderate clubbing of the fingers and toes. 

Roentgen-ray examination Oct. 10, 1910, of hands and forearms only. The 
only abnormality made out is a moderate proliferation in the distal half of the 
last row of phalanges of the hands. 

Case 31. — N. McG., man aged 54, seen at Long Island Hospital March 19, 
1910. 

Pulmonary tuberculosis, stage III; arteriosclerosis with mitral insufficiency. 

Moderate clubbing of the fingers and toes. 

Roentgen-ray examination March 19, 1910, of hands and forearms only. 
The outer end of the distal phalanges are moderately ragged and show a marked 
proliferation. Arteries in the forearm show high degree of calcification. Joints 
normal. 

Case 32. — H. N., man aged 29, entered the Massachusetts General Hos- 
pital, service of Dr. R. C. Cabot, May 7, 1914. 

Acute symptoms of nephritis with signs of old mitral stenosis and regurgita- 
tion, with decompensation and purpura. Marked edema of legs. No cyanosis. 

The fingers and toes show a condition of marked clubbing, the type in the 
former being quite unique. The enlargement involves the entire last phalanx 
of the fingers, the swelling extending well down over the distal joint. In con- 
trast to the usual rounded ends of the fingers they are almost square as though 
chopped off. The nails are unusually broad, a little thickened, and ribbed longi- 
tudinally, but are exceedingly short, in some instances being less than one- 
half inch. They do not present the usual parrot-beaked type. 

Roentgen-ray examination May 12, 1914. The outer half of all the distal 
phalanges of the hand show a slight but definite proliferation of bone, the fan- 
shaped ends appearing more ragged and expanded than normal. On several 
of these phalanges of each hand at the joint end are small osteophytes resem- 
bling those seen in early osteo-arthritis. The joints, however, show no abnormal 
appearances. The bones of the forearms are likewise normal. 


Group D. — Tzvehe Cases of Simple Clubbing with Changes in the 

Long Bones 

Case 33. — R. B., male aged 38, Boston Consumptives’ Hospital, March 27 
1914. ’ 

Advanced pulmonary tuberculosis ; fibrosis without cavities. Very weak and 
emaciated; marked dyspnea and considerable cyanosis. 

All the fingers and toes show moderate clubbing. 

Roentgen-ray examination March 27, 1914. There are no clearly marked 
changes in the distal phalanges of the hand, but the other two rows are slightlv 
ffiickened to a varying degree and in places show small but definite osteophytes 
The right radius and ulna show a thin, subperiosteal deposit along the inner 
side of each for approximately the lower third. Similar changes are seen in 
the ulna and radius of the left forearm, but of lesser degree 
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Case 34.— A. E., a 32-year-old man, seen at the Boston Consumptives’ Hos- 
pital, April 16, 1914. 

Very advanced pulmonary tuberculosis without signs of cavity formation: 
febrile. 

Very moderate clubbing of fingers and toes. 

Roentgen-ray examination April 16, 1914. Bones of the arms and hands 
normal. The end phalanges of both feet are very irregular and show osteophytic 
outgrowths which are distinctly more than normal. In both feet the second, 
third and fourth of the first row of phalangeal bones show slight, somewhat 
irregular cortical deposits along the shaft. On the right similar changes are 
shown on the outer side of the first. The bones of the lower legs are normal. 

Case 35. — ^M. G., male aged 45, seen at the Boston Consumptives’ Hospital 
April 14, 1914. 

Very advanced pulmonary tuberculosis with extensive cavity formation; 
dyspnea and cyanosis striking. 

Moderate clubbing of fingers and toes. 

Roentgen-ray examination April 24, 1914. Beyond a very slight roughening 
in a few places along the first row of phalanges, nothing abnormal is noted in 
the bones of the hands. Feet normal except for marked enlargement and 
irregularity in the distal half of the last phalanx of one great toe. Along the 
outer side of the left tibia in its lower half there is a thin layer of cortical new 
bone and a similar layer along the inner side of the fibula for an extent of 
about 2 inches below the head. This latter deposit is ragged in outline and 
evidently contains almost no lime salts. The other bones of the limbs are not 
abnormal. Joints normal. 

Case 36. — G. C. P., a man aged 32, seen at Boston Consumptives’ Hospital 
April 16, 1914. 

Advanced pulmonary tuberculosis with cavity formation; extreme dyspnea 
with considerable cyanosis. 

Marked clubbing of fingers and toes. 

Roentgen-ray examination April 16, 1914. The distal phalanges are all 
strikingly changed, the normal fan shape being greatly exaggerated, the out- 
lines extremely irregular. No other bones of the hands are altered. The dis- 
tal phalanges of the feet seem a little more broad’ and irregular than normal. 
Both tibiae show a thin, irregular deposit of new bone varying from one- 
^ sixteenth to one-eighth of an inch in thickness along the inner side of nearly 
the entire upper half. The bones of the forearms show no abnormalities. Joints 
likewise normal. 

Case 37. — S. S., man aged 36, seen at Boston Consumptives’ Hospital April 
7, 1914. 

Last stages of pulmonary tuberculosis with extensive cavity formation. 

Marked clubbing in fingers and toes. 

Roentgen-ray examination April 24, 1914. Bones of the hands and feet and 
forearms are normal. The right tibia along its outer surface from the epiphyseal 
line above nearly throughout half its extent shows a new layer of bone beneath 
the periosteum which in its thickest portion is about onereighth of an inch. The 
left tibia shows a similar condition, but less well marked, for about one-third 
of its length only. The left tibia also in one place for a distance of about 
one inch shows a thin, irregular new layer. Fibulae normal. 

Case 38.— T. B. G., man aged 33, seen at the Boston City Hospital Dec. 27, 
1910. 

Severe bronchial asthma since ten; chronic bronchitis; chronic alcoholism; 
myocarditis. Considerable cyanosis of the extremities and marked edema of 
the lower legs. 

A slight degree of clubbing in fingers and toes. 

Roentgen-ray examination March 21, 1911. All of the end phalanges of the 
feet show a very unusual broadening out and are irregular in outline; the end 
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phalanges of the Bngers somewhat less changed. Nearly all of the first row of 
phalanges of the hands show an irregular thin deposit of bone just beneath the 
periosteum. The long bones of the forearms and lower legs are negative. Joints 
normal. 

Case 39.— J. P. J-, man of 28, seen at the Boston Consumptives’ Hospital 
April* 24, 1914. 

Typical history of bronchiectasis since the age of 10, with signs of large 
cavity in the right lung; several attacks of pneumonia since, the last two years 
ago. Pulmonary tuberculosis which has apparently developed in the past few 
years. Lost left leg when 8 years old. 

Never any symptoms in legs or arms or in joints until the past few months, 
when he has had slight swelling of the ankles, knees and wrists, with moderate 
dull pain and slight sensitiveness to pressure in these regions, especially over the 
bones. 

Very striking clubbing of all the fingers and toes. The ankles, knees and 
wrists are slightly swollen, but no definite enlargement made out in lower legs 
and forearms. 

Roentgen-ray examination April 24, 1914. Terminal phalanges of the hand 
very ragged, with definite proliferation of bone. Second row of phalanges in 
the fourth and fifth show very slight subperiosteal deposit of bone, more marked 
on the outer side. The first row shows slight but evident changes of this nature 
throughout, most marked on outer side. All the metacarpal bones show still 
more marked changes of this type, most evident in the thumbs. The ulnae and 
radii show definite characteristic deposits of bone beneath the periosteum, in 
one place on the right ulna approximately a quarter of an inch in thickness, 
the changes being mainly confined to the distal half, although in the right ulna 
throughout. In the lower portion of the diaphyses of the humeri a thin new 
layer easily made out. The car pals normal and no changes found in the joints 
of the arms and wrists. 

The terminal phalanges of right foot not well shown, except the great toe, 
in which there is marked proliferation of bone. Second row of phalanges are 
normal, except for the great toe, which shows a thin layer throughout the 
shaft. Only the fourth and fifth of the first row show characteristic changes. 
Tarsus normal. The right tibia seems considerably enlarged, appearing mas- 
sive throughout, but in many places no distinction is evident between the old 
cortex and the new layer of bone. Externally, however, the new shaft of bone 
can be easily traced through the two-thirds of the diaphysis from proximal end 
down; at about the middle of the tibia the new layer is a quarter of an inch 
in thickness. Down over the internal condyle there is a considerable formation 
of irregular new bone. At the head of the tibia there is considerable prolifer- 
ation of bone of the same type from the epiphysis to the joint surface. Right 
fibula externally has a marked deposit of bone almost throughout its entire 
length, showing best in the middle third, where there is an irregular deposit 
varying from one-sixteenth to one-eighth inch in thickness. The ankle and 
knee joints present no abnormalities. 

Case 40. — J. B., man aged 41, Boston City Hospital, May 20, 1910. 

Aortic and mitral disease with decompensation, anasarca; moderate cyanosis 
of the extremities ; extreme dyspnea. 

Since January, 1910, both knees and ankles have been considerably swollen and 
moderately painful, but without redness or tenderness. Patient died June 7, 
1910. No necropsy. 

The fingers and toes show marked clubbing. 

Roentgen-ray examination May 2, 1910. The phalanges show no definite 
changes, but in all the metacarpal bones of the hand there is a thin subperi- 
osteal layer of new bone. The ulna and radius of both forearms show the 
characteristic cortical new bone as a thin, somewhat irregular layer in the dis- 
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tal portion of the diaphyses. None of the bones of the feet is abnormal except 
that the fifth metatarsal in each shows a thin cortical layer throughout the entire 
shaft. The fourth metatarsal likewise shows a thin layer on its outer side. 
Approximately the lower third of the tibiae and fibulae show alterations like" 
those described in the ulnae and radii. No changes in the joints are to be made 
out. 

Case 41. — J. L., man of 52, entered Boston City- Hospital Jan. 14, 1910. 

Chronic alcoholic; gonorrhea and chancroids many times but no history of 
lues; aortic regurgitation. Patient died Jan. 12, 1911, of cerebral hemorrhage. 

All the fingers are markedly clubbed, especially on the right hand, and the 
feet show moderate changes of this nature. 

Roentgen-ray examination Jan. 13, 1910. The end phalanges of the feet 
seem slightly more fan-shaped and ragged than normal, but the changes are 
not definite. Along the inner side of the left ulna in its upper third there is 
a definite thin, even layer of new cortical bone. Similar changes, but of much 
more marked degree, are seen in the right ulna and extending from the upper 
end to the junction of the middle and lower third. On its outer side and near 
the lower end there are a few thin, irregular deposits. Otherwise the bones 
of the skeleton are normal and the joints show no changes. 

Case 42. — J. M., bartender aged 41, Boston City Hospital, April 21, 1914. 

Chronic alcoholism; cirrhosis of the liver; extreme dyspnea and ascites with 
considerable edema of the lower legs. No cyanosis, although nails are deeply 
injected. 

Moderate clubbing of fingers and toes, most marked in thumbs and great 
toes. 

Roentgen-ray examination April 21, 1914. Hands, feet, forearms and joints 
show no changes. Right fibula in upper portion both along inner and outer 
surface for a distance of 2 or 3 inches shows an irregular thin deposit, stop- 
ping sharply at the epiphysis. Similar changes are found in the left fibula. 
The outer border of the tibiae in several places is distinctly roughened, but 
no new layer of bone nan be made out. 

Case 43. — H. C. S., woman aged 35, seen at the Massachusetts General 
Hospital, March 15, 1914, service of Dr. C. L. Scudder. 

Paroxysmal cough for one year with large amount of greenish-brown, at 
times very foul, sputum. It is sometimes brought up in large amounts with 
change of position. Dyspnea with exertion. 

Operation March 27, 1914; a large amount of foul pus evacuated from the 
left pleural cavity. 

The fingers show a rather marked condition of clubbing; the toes also, 
but somewhat less. 

Roentgen-ray examination March 16, 1914. Feet and legs not examined. 
Along the outer side of the metacarpal bone of the right thumb there is a 
definite thin subperiosteal layer of new bone. Similar changes in the lower 
left radius and ulna. 

Case 44.— J. E. T., an electrician aged 50, seen at the Massachusetts Gen- 
eral Plospital April 15, 1914, service of Dr. C. L. Scudder. 

Chronic tuberculosis of shoulder joint with pulmonary tuberculosis of twenty 
years’ standing. Process evidently of fibroid type. No fever, CN’anosis or 
dyspnea. 

The fingers and toes show a moderate condition of clubbing. 

Roentgen-ray examination April 17, 1914. The bones of the hands are 
normal except for a slight proliferation in many of the distal phalanges. The 
cortex of the tibia in several places is definitely thickened and slightly irregu- 
lar in outline, but the line of separation between the old cortex and the new 
subperiosteal bone is not always to be made out. The bones of the forearm 
and the joints are normal. Roentgenograms of the feet not made. 
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The clubbing in the fingers and toes is said to be much less marked than 
in previous years. If this' observation be correct, it is undoubtedly explained 
by the fact that the process in the lung is apparently quiescent, and that some 
time ago the infectious focus in the shoulder was obliterated through a sec- 
tion of the upper end of the humerus. 

A summary of the results in these groups is given in Table 2. 

TABLE 2. — ^Results of Roentgen-Ray Examination in Thirty-Nine 
Cases of Simple Clubbing of Fingers and Toes 


Disease 

Bones 

Normal 

Changes 
in Distal 
Phalanges 
Only 

Changes 

in 

Long 

Bones 

Totals 

Pulmonary tuberculosis . . . 

10 

3 

6 

19 

Bronchiectasis 

3 


2 

5 

Bronchial asthma, bron- 





chitis 



1 

1 

Bronchial asthma, mitral 





disease 

1 



1 

Emphysema 

1 


i • • 

1 

Chronic bronchitis, mitral 





disease 

1 



1 

Cardiac disease 

*2 

1 

2 

'5 

Cardiac disease, pulmonary 


1 



tuberculosis 

1 

1 


1 

Cirrhosis liver 



’i : 

1 

Cirrhosis liver, pulmonary 




tuberculosis 

1 



1 

Chronic jaundice (malig- 




nant disease liver ?) 

1 



1 

Septicemia 

2 



2 


22 

5 

12 

39 


An examination of Table 2 shows that twenty-two of the total 
thirty-nine cases, or 56.4 per cent., showed no changes in the distal 
phalanges or long bones, while five, or 12.8 per cent., showed altera- 
tions of varying degree in the ungual phalanges, and twelve, or 30.8 
per cent., had periosteal proliferation in the long bones. Of this last 
group, six only showed ungual proliferation. A careful examination 
of these individual cases affords no explanation for these results; 
neither does the study of the primary condition yield anything signifi- 
cant. Furthermore, the degree of clubbing does not seem to corre- 
spond, except in a very general way, to the radiographic findings. The 
cases of Group D do on the whole present a more marked deo-ree of 
clubbing than the other two. Bamberger,^^ Landis,®^ Reynaud and 
AudiberF5=’ and Teleky^®® mention cases showing proliferation in the 
end phalanges, but the changes in clubbed fingers are usually described 
as being confined entirely to the soft parts. The fact that eleven of 
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the above series of thirty-nine cases, or 28 per cent., have changes in 
these bones, would seem to prove definitely that the osseous tissue does 
participate in the changes to a far greater degree than is ordinarily 
supposed. The type of alteration is a definite and constant one, being 
usually confined to the distal half of the phalanx and consisting in an 
irregular hypertrophy of the bone, which in the most marked cases has 
a burr-like appearance, or, as one author has described, "‘a picture not 
unlike that of an electro magnet which has been dipped in fine iron 
filings.’* These appearances, both in type and distribution, seem to 
me exactly similar to those which have been observed in the end 
phalanges of the five cases of true hypertrophic osteo-arthropathy 
described in Group A, but are, on the whole, less marked. 

It is exceedingly important to note that with the possible exception 
of Case 39, none of the cases in groups B, C and D gave any symp- 
toms or showed any signs of changes in the joints or long bones, and 
yet twelve of these were shown by radiographic examination to have 
■pei'iosteal new bone formation. This bone proliferation seen in these 
twelve cases is of exactly the same type and general distribution as in 
the five cases in Group A. As in these cases of Group A, and of 
osteo-arthropathy in general, this hypertrophy was confined to the 
long bones in the forearms and lower legs, usually in their distal por- 
tions, and in a few instances the long bones of the hands and feet. 
From the history in Case 39 it seems certain that the clubbing of the 
fingers had existed for many years, while the slight symptoms in the 
joints were of but a few months’ duration; in other words, this appears 
to be a case of hippocratic fingers which subsequently developed the 
lesions in the long bones characteristic of osteo-arthropathy. Since 
roentgenograms were not made previously, actual proof is lacking 
that this case began as one of simple clubbing and later evolved pro- 
liferation in the long bones ; yet the previous history is so definite that 
such a sequence can hardly be doubted. 

The question has very naturally been asked, if clubbed fingers is 
but an early stage of hypertrophic osteo-arthropathy, why has not the 
transition from the former to the latter been observed ? A satisfactory 
answer is, I believe, found in the results of the examination of the 
thirty-nine cases recorded above. Although with the possible exception 
of Case 39, none showed any changes whatsoever in the joints or long 
bones of the limbs, systematic radiographic examination revealed the 
presence of typical early lesions of osteo-arthropathy in one or more 
of the long bones. Were the primary disease to be progressive, it can 
hardly be doubted, I believe, that these twelve cases would have shown 
more or less progressive lesions in the long bones and that at least some 
of the remaining twenty-seven cases would also later have developed 
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such lesions. The clinical experience of many observers- indicates 
positively that while, as is well known, the clubbing in the fingers 
secondary to various conditions frequently appears quickly, the devel- 
opment of osteo-arthropathy seldom occurs earlier than at least three 
or four years after the appearance of the primary disease. The final 
test would consist in the Roentgen-ray examinations of a series of 
cases of early clubbing of the fingers occurring with such chronic pro- 
gressive diseases as pulmonary tuberculosis and bronchiectasis, and 
subsequently for a period of years. So far as I am aware, no such 
studies have ever been made. Clinical evidence at least indicates that 
such is the sequence of events in a considerable number of cases of 
hypertrophic osteo-arthropathy in which the clubbing was noted for a 
long time previous to the appearance of symptoms and signs in the 
joints and long bones of the legs and arms. 

Several authors have denied the identity of the type of clubbing 
in hippocratic fingers and osteo-arthropathy and have attempted to 
define the differences. It is undoubtedly true that the most marked 
types of clubbing occur in the well-developed cases of osteo-arthrop- 
athy. The finger-ends are more bulbous and the nails usually thicker, 
more striated and with a greater convexity. I have recently studied 
a large number of cases of hippocratic fingers occurring with phthisis 
and other conditions and have compared them with the clubbing in 
the five cases in Group A. I have been unable to satisfy myself of 
any differences except such as are to be explained on the basis of the 
difference in stage of development of the condition ; in other words, in 
my experience the striking changes in the finger-ends in cases of 
hypertrophic osteo-arthropathy are strictly identical with those seen 
in hippocratic fingers, except that they represent a more accentuated 
form. In the rapidly developing type seen with empyema, for example, 
the swelling of the soft parts is extreme, the nail bed is deeply injected 
and swollen and the nails are red ; whereas in the more chronic and 
slowly developing type seen with less virulent primary diseases, the 
swelling is less marked, the nail-bed is seldom injected and the nails 
are frequently cyanotic. 

Every case of hypertrophic osteo-arthropathy so far recorded has 
shown well-developed clubbing of the fingers and toes, and it is 
regarded as an absolutely constant sign of the disease. 

Finally, it is important to compare the primary diseases with which 
hippocratic fingers and hypertrophic osteo-arthropathy are associated. 
A comparison of the primary diseases in the thirty-nine cases of hip- 
pocratic fingers given in Table 2, with the primary diseases in a hun- 
dred and thirty-nine cases of osteo-arthropathy in the literature and 
given in Table 1, shows, in many respects, such a close correspondence 
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as to be very significant. As is perhaps to be expected, there is a con- 
siderably greater preponderance of pulmonary tuberculosis in Table 2. 
The correspondence between the pulmonary diseases, taken as a whole 
in the two tables is very striking, however, being 72 per cent, of the 
total in Table 2 and 78 per cent, in Table 1. The individual diseases 
of the respiratory tract in Table 2 are naturally fewer in number 
because of the small total of cases, but are seen to be the diseases of 
the respiratory tract which predominate in Table 1. None is found in 
Table 2 which does not also occur in Table 1. The percentage of cases 
of osteo-arthropathy occurring with bronchiectasis is more than twice 
that of hippocratic fingers occurring with the same condition, whereas 
pulmonary tuberculosis and cardiac disease are far more common as 
the associated primary disease in the latter than in the former. It 
appears then as a result of this comparison that hypertrophic osteo- 
arthropathy and hippocratic fingers develop secondarily to the same 
general group of diseases. 

Considering the facts then, first, that clubbing of the fingers always 
occurs in hypertrophic osteo-arthropathy, second, that this clubbing is 
identical with that found in hippocratic fingers except perhaps in the 
degree of development, third, that hippocratic fingers and osteo- 
arthropathy are associated with the same general group of diseases, 
and fourth, that twelve of the series of thirty-nine cases of simple 
clubbing examined by the Roentgen .ray showed osseous changes in 
certain of the long bones of precisely the same type as found in 
osteo-arthropathy, it follows that the two conditions should be regarded 
as but different stages of the same disease. 

CONCLUSIONS 

1. The evidence is overwhelming that hypertrophic osteo-arthrop- 
athy is always a secondary disease. 

2. Among the primary diseases, pulmonary tuberculosis is prob- 
ably the most important though rarely inducing the extreme degree of 
bone and joint changes seen with bronchiectasis. 

3. There is a very definite correspondence between the character- 
istic clinical course of the disease and the process in the bones. During 
the periods of exacerbation in the primary disease, the pain, tender- 
ness and swelling in the soft parts are not only increased, but the 
process in the bones is also more active. On the other hand, during 
the quiescent periods associated with cure or relief of the condition 
responsible for the bone and joint changes, the process in the bones is 
stationary and in rare instances actual resorption takes place. 

4. The new subperiosteal bone, which is at first sharply marked 
off from the old shaft, later becomes (usually after a period of some 
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years) a rhore compact, dense layer, closely fused with the underlying 
old bone. 

5. In the late stages of the most progressive type of cases there is 
evidence of wide-spread halisteresis m the atfected long bones. 

6. Occasionally the process in the bones and joints once estab- 
lished may progress even after actual cure of the primary disease. 

7. The ungual phalanges as a rule show proliferative changes. 
They consist mainly in an irregular burr-like expansion of the distal 
half. More rarely small osteophytes are found at the proximal ends 
near the line of the joint cartilage. 

8. The epiphyses of the affected long bones are to some extent 
always involved, but the new osseous tissue is much more irregular in 
outline and the ossification is less complete. 

9. The proliferation in the long bones in advanced cases is more 
general than has been recognized, often affecting nearly the entire 
skeleton. 

10. Changes in the joints are a constant and important feature of 
the disease. While the early changes are confined largely to the peri- 
articular tissues, in the later stages, erosion of the cartilage, lipping 
about the joint, and even a moderate degree of anl<ylosis are common 
lesions. 

11. A considerable percentage of cases of- so-called hippocratic 
fingers show by means of skiagrams early proliferative changes in the 
periosteum of some of the long bones of the forearms and lower legs 
of exactly the same type as seen in hypertrophic osteo-arthropathy. 

12. Simple clubbing of the fingers and secondary hypertrophic 
osteo-arthropathy should be considered as identical, the former repre- 
senting an early stage of the latter. 
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CHRONIC ULCERATIVE COLITIS WITH POLYPS 

A CONSIDERATION OF THE SO-CALLED COLITIS POLYPOSA (viRCHOW)* 
J. H. HEWITT, M.D., and W. T. HOWARD, M.D. 

CLEVELAND 

The finding of excrescences and polypoid projections of the mucosa 
in various parts of the alimentary tract is a comparatively frequent 
occurrence in the post-mortem room. The association of these with 
inflammation of the intestines, or at least a clinical history of dysentery, 
while not so frequent, has, nevertheless, been noted and described in 
the literature for a considerable time. 

In 1721 MenzeP described a case in which there was a general 
inflammation of the intestinal tract and in the colon there were a num- 
ber of wart-like excrescences. He presents with his report a crude 
etching of about 7 inches of the colon (Fig. 1). On it there are fifteen 
polypoid projections. The specimen was removed from a soldier who 
died of chronic dysentery. 

In 1832 Wagner- in his description of the manner of healing of 
dysenteric ulcers noted that sometimes on the margins of the scars and 
on the healed surface of the smooth cicatrix of the healed ulcers tiny 
polypoid excrescences were found. 

In 1839 Rokitansky® confirmed this observation of Wagner’s and 
added that these small excrescences had their origin from islands of 
the mucous membrane that remained after the ulcerative process had 
ceased. He, moreover, does not limit the size of the projections. 
Later,"^ in describing the process of cicatrization of follicular and other 
ulcers of the colon he described the formation of polypoid growths 
from the ragged margins of ulcers. 

Other systematic writers on pathological anatomy of this period, as 
Bock® among the German, Habershon,® Wilkes and Moxon’^ among the 

* Submitted for publication Dec. 10, 1914. 

* From the Pathological Laboratory of the Cleveland City Hospital and the 
Western Reserve Medical School. 
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English, copied Rokitansky’s descriptions, but added no specific obser- 
vations. 

In 1861 Lebert® reported the case of a woman, 32 years of age, who 
had suffered for years from an obstinate diarrhea. At section the 
mucous membrane of the colon was found beset with hundreds of 
little polypi, varying in size from a lentil to a bean, some pedunculated, 
others sessile. He described these polyps as consisting of fibrous tissue 
containing ramifying blood-vessels, but no glands. Glandular tubules 
were, however, to be found surrounding the base of the polyps. Thesd 
tubules appeared normal. 

In the same year Luschka'’ described a colon containing on its 
mucosa thousands of polyps. These varied in size from a hemp-seed 
to a bean and covered the mucosa from the ileo-cecal valve to the anus. 
On microscopic examination these polyps were found to consist of 
glands resembling the glands of Lieberkiihn, except that they were 
longer, many of them more or less branched, and some of them dilated 



Fig. 1. — A photograph of the etching accompanying Menzel's report. If 
we compare this with the photograph of the colon from our first case, Figure 3, 
remembering that the dark areas in both pictures are the ragged tags of 
mucosa and submucosa, we see that the condition in the two colons must have 
been practically identical. 

into cyst-like spaces. The mucous membrane between the glands was 
not markedly changed. The patient was a woman 30 years of age. 
She had for years suffered from a bloody diarrhea. 

These last two cases, together with Menzel’s, Virchow^” has given 
as examples of a condition ^of the colon which he has called colitis 
polyposa. To these he has added one case. It was that of a boy 
15 years of age who had died of dysentery. The polyps in this case 
were of the nature of vesicular, fluctuating prominences (Fig. 2). 

. Many of them had scattered over their surfaces small openings from 
which gelatinous material protruded and could be expressed. Similar 
material was to be found in the mucosa between the polyps. On micro- 
scopic examination these vesicles were found to be dilated crypts of 

8. Lebert: Traite d'anatomie path., Paris, 1861, ii, 316. 

9. Luschka: Virchow’s Arch. f. path. Anat., 1861, xx, 133. 

10. Virchow: Die krankhaften Geschwulste, Berlin, 1863, i, 243. 




716 THE ARCHIVES OF INTERNAL MEDICINE 

Lieberkiihn filled with mucous material. To this condition Virchow 
gave the name colitis polyposa cystica. 

In 1881 Woodward, “ the author of the “Medical and Surgical His- 
tory of the War of the Rebellion,” described two specimens from a 
colon that was sent to the Museum of the Surgeon General’s Office for 
preservation. The patient was a woman aged 44, who for seven 
months before death was afflicted with a severe bloody diarrhea. At 
autopsy the ileum for 4 inches above the ileocecal valve and the colon 
for its whole length appeared ulcerated and inflamed. In the lower 
part of the transverse colon there were to be seen single follicular 
ulcers. These became larger and more numerous in the upper part of 
the descending colon, till a point was reached at which the whole 
mucosa was occupied by a single ulcer on the base of which there were 
numerous islands of thickened and puckered, undestroyed mucous 



Fig. 2. — A copy of a portion of the colon from Virchow’s case of colitis 
polyposa cystica. At “a” and “b” are to be seen open spaces. This suggests 
that secretions had accumulated in some of the spaces till they ruptured, which 
would represent a stage farther in this process than we have described. 

membrane. The whole mucous surface of the lower portion of the 
descending colon was occupied by a single ulcer, projecting from the 
base of which were thirteen polypoid excrescences, some measuring as 
much as 14 mm. in length and 4 mm. in diameter. Some of the pro- 
jections were more or less branched, but attached by a single pedicle 
like a genuine pol 3 '^p ; others were attached by double pedicles. 

On microscopical examination the polyps were found to be com- 
posed of a central mass of connective tissue and a peripheral border of 
mucous membrane in a condition like that commonly found in chronic 
inflammation of the colon. The mucous membrane extended over the 
surface of the excrescence and its pedicle as far as its base, but was 


11. Woodward: Am. Jour. Med. Sc., 1881, l.xx.xi, new series, p. 142, 
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absent from the surrounding flat surface of the intestine between the 
adjacent polyps. The intervening surface was composed of a vascular 
granulating tissue containing everywhere a large number of lymphoid 
cells. The glands of Lieberkiihn over some of the polyps exhibited 
active hyperplasia. 

The first case of this condition that came under our observation 
was necropsied at the Cleveland City Hospital about ten years ago. 
The patient was a woman about 36 years of age. About six months 
before entering the hospital she had given birth to a normal child. For 
a considerable time before admission she had been afflicted with a more 
or less severe diarrhea. Three months before admission this diarrhea 
had become a dysentery of a very annoying and exhausting character. 
She was in the hospital only a few weeks when death ensued, appar- 
ently from inanition and exhaustion. 



Fig. 3. — A portion of the colon from our first case. The ragged tags of 
mucosa and submucosa, as seen at “a,” are the darker areas. The specimen 
having been preserved in alcohol had so faded that there was little contrast 
between the parts. 

At the post-mortem examination the only lesion of importance 
found was in the colon. Here the entire mucous membrane from the 
ileocecal valve to the rectum was uniformly deeply ulcerated and 
existed as tags and localized islands (Fig. 3). The wall of the colon 
was moderately and generally thickened. In microscopic sections it 
was seen that the ulceration had extended through the submucosa to 
the muscularis (Fig. 4). The muscularis remained exposed and naked. 
Near its mucosal surface and extending into it there were numerous 
islands and columns of lymphocytes and polymorphonuclear leuko- 
cytes. There w^ere also scattered eosinophils and plasma cells. The 
pedicle of the ragged tag of mucosa was composed of swollen and 
edematous submucosal tissue. In it w’^ere a number of blood-vessels, 
clusters and columns of lymphocytes and polymorphonuclear leukocytes 
wdth here and there scattered single eosinophils and plasma cells. The 
ragged tags were made up of mucosa and a portion of the attached 
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submucosa. The submucosal portion was everywhere infiltrated with 
leukocytes of the same character as those noted in the muscularis and 
pedicle. Large numbers of leukocytes were also seen in the mucosa 
between the tubules. The glands of Lieberkiihn were everywhere more 
or less intact and there was no marked increase in the connective tissue 
between them. In certain places there was deposited between the 
tubules a brownish substance arranged in cell-like masses and in fine 
granular droplets. The peritoneum was slightly thickened and infil- 
trated with small round cells. 

The following, our second observation, was more recent: 

Patient, — K white man, aged 40, an American, an elevator man by occupa- 
tion, was admitted to the Cleveland City Hospital July 26, 1913. 

History. — ^His family history and personal history wer^ unimportant. His 
present illness began with frequent stools two months before admission to the 



Fig. 4. — A very low-power microscopic view of one of the tags of preserved 
mucosa and submucosa from our first case. It is to be noted here that there 
are no cystic spaces and the mucosa that remains is comparatively normal. 


hospital. In spite of medical attention these had persisted and had recently 
been associated with great loss of weight and strength. 

Physical Examination , — The patient was a well-developed but poorly nour- 
ished man. The skin was anemic, pale, yellow and dry. There were occasional 
rales to be heard over the chest and a soft systolic murmur along the left 
border of the sternum. No palpable masses were to be felt over the abdomen. 
On rectal examination a finger’s length up the rectum a hard raised ring could 
be felt and all around it there were elevated masses. Blood and mucus came 
away readily with the finger as it was withdrawn. The blood-count on admis- 
sion was, red blood cells, 4,048,000; white blood-cells, 6,600; hemoglobin, 50 
per cent. Differential count, polymorphonuclear neutrophils, 63.5 per cent; 
.small mononuclears, 18.5 per cent; large mononuclears, 7^ per cent; 
itionals, 5 per cent ; eosinophils, O.S per cent. ; mast cells, 0.5 per cent ^ There 
was fairly marked anisocytosis and poikilocytosis. A specimen of leces 
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examined on admission was of a reddish-brown color and of very foul odor. 
It gave a positive test for bile. Microscopically numerous red blood-cells were 
to be -seen but no amebas parasites, or ova of parasites. The^ Wassermann 
reaction was negative. Examination of the urine gave, on admission, a faint 
trace of albumin. This soon disappeared, and thereafter the urine was nega- 
tive for albumin, sugar and casts. 

Course . — ^The patient was in the hospital a little over three months and three 
weeks. During this period the temperature was quite variable but never above 
101. Generally it was normal or subnormal. The number of stools varied 
from one to four per day. The patient died in the hospital. 

Clinical Diagnosis . — Carcinoma of rectum. 

Necropsy . — Performed about six hours after death. Excepting a moderate 
parenchymatous degeneration of the heart muscle, liver and kidneys, and a 
peripheral fatty degeneration of the liver lobules, there were no lesions of impor- 
tance to be noted outside of the alimentary tract. 

The stomach, duodenum and jejunum presented nothing markedly abnormal. 



Fig. 5. — A cluster of polyps from our second case. At a and b are to be 
seen numerous small islands of mucosa and of submucosa. 

The mucosa of the lower two-thirds of the ileum was injected, edematous, 
and its surface covered with a thin, grayish layer of exudate. At irregular 
intervals small areas of marked injection, as of beginning ulcers, were to be 
noted. In the lower portion of the ileum, near the ileocecal valve, and in the 
cecum there were single ulcers. These ulcers were of all sizes from a milli- 
meter to a centimeter in diameter. The small ulcers were of a “punched-out” 
character and extended only through the mucous membrane. The larger ulcers 
were very irregular, with ragged margins and floor, and extended deeper into 
the intestinal wall. On the base of several of the largest ulcers there were 
attached islands and tags of mucosa and submucosa. 

The appendix appeared normal and not to have been at all affected by the 
inflammatory process involving the cecum and ileum. 

The wall of the colon was generally and moderately thickened, rather 
fibrous and stiffly flexible, though in some places it had been so eroded as to 
be thinner than normal. The intestine was generally contracted and its lumen 
narrowed. The mucosa of the ascending and transverse portion was covered 
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with a thin layer of grayish exudate. It was moderately injected and, over 
irregular areas, eroded to varying depths. Over the eroded areas were' to be 
seen islands of deeply injected mucosa. Many of the small tufts of mucosa 
were attached by slender pedicles of submucosa and were easily removed by* 
passing the finger over the surface. In the descending colon the mucosa was 
likewise injected and eroded. At a point about 8 cm. above the sigmoid flexure 
there were to be seen a few short polypous projections. These projections 
measured from 2 to^ 3 mm, in diameter. They were stubby and attached by a 
relatively thick pedicle. About the sigmoid flexures there was a cluster of 
fairly large and long polypous masses. One of these masses in particular had 
a long slender pedicle and a clubbed termination. It measured about 2,5 cm. 
in total length and the clubbed extremity 4 mm. in diameter at its widest part. 

From the sigmoid flexure to about 12 cm. above the external sphincter of 
the anus polypous projections were more numerous, and of various sizes and 
shapes. Some of the polyps were small sessile projections, measuring from 
1 to 2 mm. in height and in diameter; others were irregular, O.S to l.S cm. in 
length and in diameter, attached by short slender pedicles — some of the 



Fig. 6. — ^A copy of the drawing of a microscopic section of one of the polyps 
from Woodward's case. The central mass of connective tissue and the sur- 
rounding layer of preserved mucosa is well shown. 


pedicles appearing so slender as to be scarcely strong enough to support the 
nodule on their ends (Fig. 5). In all, there were about forty polypous 
projections. 


Mict'oscopic Examination . — In microscopic sections of the lower portion of 
the ileum the mucous membrane was found to be swollen and edematous. Its 
surface was covered with a layer of mucus and detritus in which large num- 
bers of leukoc 3 ^tes and glandular desquamated cells were to be seen. The con- 
nective tissue between the crypts and glands of Lieberkuhn was moderately 
increased and infiltrated with polymorphonuclear leukocytes, lymphocytes aiid 
plasma cells. The blood-vessels were dilated and filled with blood. The sub- 
mucosa and muscular layer were likewise swollen, edematous and infiltrated 
with leukocytes. The peritoneal layer was slightly swollen and infiltrated with 
leukocytes, but there was no exudate on its surface. ^ t • i 

In sections of the single ulcers in the lower portion of the ileum and in the 
cecum there were seen to be areas of necrosis and ulceration, in some places 
extending no deeper than the mucosa; in other places, however, particu ar y 
in association with the larger ulcers, the necrosis extended through the sub- 
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mucosa to the muscularis. The margins of the ulcers were swollen, edematous 
and infiltrated with fibroblasts, large numbers of lymphocytes, polymorpho- 
nuclear leukocytes, eosinophils and plasma cells. Some of the margins were 
sipping and fairly smooth ; others were deeply undermined, irregular and 
ragged. The floor of the ulcers, particularly the large .ulcers, was, for the 
most part, smooth but irregular in outline. There were small elevations on 
the floor of many of them. These elevations were quite vascular. Some of 
them were covered with mucous glands; others contained only the fundi of 
the glands, while others were simple vascular tufts without covering. 

The mucous surface of the colon everywhere presented the picture of a 
chronic inflammatory and ulcerative process with here and there areas and 
islands of granulation tissue. The surface was covered with a layer of necrosed 
tissue cells which extended to a variable depth from a few micromillimeters 
below the surface of the mucosa to several micromillimeters into the sub- 
mucosa, even to the muscular layer. Beneath the layer of necrotic cells the 
glandular tubules, where present, were spread far apart by the proliferation 
of fibroblasts and the infiltration of lymphocytes and polymorphonuclear leuko- 
cytes, eosinophils and plasma cells. In most places only the bases of the crypts 
of Lieberkiihn remained. In some places these had been overgrown by the 



Fig. 7. — A very low power photomicrograph of a section of one of the polyps 
from our second case to show the dilated cystic spaces in the mucous layer. 
The dark line across the top represents a fold in the section. 

fibroblasts and the accumulation of secretions had caused them to become 
dilated and to appear as small cysts. The blood-vessels and capillaries were 
dilated and congested. Scattered areas of hemorrhage were to be seen on the 
surface. The submucosa, where not eroded, was generally thickened and 
fibrous. Infiltrating it were a number of scattered areas of leukocytes, eosino- 
phils and plasma cells. The solitary follicles were small and irregular in size 
and distribution. The muscular layers were moderately infiltrated with lympho- 
cytes, leukocytes, eosinophils and plasma cells. The peritoneum appeared 
slightly thickened. 

The sessile projections and polyps, noted in the descending colon and rectum, 
microscopically presented the same appearance as that described and pictured 
by Woodward in the case he described (Fig. 6). There was a central mass 
of connective tissue which formed the base and support of the polyp. The 
central connective tissue mass was surrounded by an irregular, rather thick, 
layer of glandular acini and tubules. The connective tissue extended between 
the tubules and had in places contracted and occluded them, causing a reten- 
tion of secretions of the glands and cyst-like dilatations (Fig. 7). The struc- 
tures were quite vascular and ever>rivhere infiltrated with lymphocytes, poly- 
morphonuclear leukocytes, eosinophils, plasma cells and large epithelioid cells 
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The mucosae around the bases and pedicles were for the most part absent or 
represented only by scattered fundi of crypts imbedded in fibrous tissue They 
were very vascular. The blood-vessels were dilated and engorged with blood 
Many of the smaller tufts were made up entirely of collections of budding 
blood-vessels, fibroblasts, and leukocytes without mucous crypts or glands. 

The islands and tags of mucosa and submucosa that had been the 
source of the polyp formation appeared to depend for their preserva- 
tion on the blood-vascular arrangement; for it was to be noted that 
the polyps in the rectum were situated along the side of the intestinal 
wall, while higher up and in the colon the polyps were situated along 
the line of attachment of the mesentery, an arrangement that coincides 
with the blood-supply of the parts. The blood-supply of these small 
and localized areas appeared to have been sufficient to withstand the 
destructive action of the inflammatory process, so that necrosis did 
not take place. The coincident increased blood-supply did, however, 
produce active hyperplasia of the mucous glands and the submucous 
connective tissue> with consequent polyp-like formations, as described 
by Rokitansky. The increased and proliferated fibrous tissue on con- 
tracting had caused an occlusion of many of the tubules and retentions 
of their secretions had caused cyst-like formations, as described by 
Virchow. Probably, as Virchow has suggested, the formation and 
lengthening of the pedicles of the polyps had been aided by the active 
peristalsis and the passing of the feces over the surface of the polyp. 
Our second specimen, like Luschka’s, was not cystic, but cyst-like 
spaces were present over the mucous surface of the colon between the 
polyps and over the surfaces of the polyps (Fig. 7). 

It appears very probable that the two cases which we have here 
presented represent, respectively, a very early and a comparatively 
late stage in this particular condition of the colon designated by 
Virchow as colitis polyposa. If so, they, with the cases reported in 
the literature, aid us materially in working out the natural pathological 
history of the lesions of this affection and of ulcers of the alimentary 
tract. 

There appears in the beginning of this disease to be a general colitis, 
producing a. number of local undermining ulcers similar to those found 
in our second case in the cecum and in the lower portion of the ileum, 
near the ileocecal valve. Clinically, there is associated with the lesions 
at this stage a moderate diarrhea. The ulcers tend to increase in num- 
ber and in size till nearly the whole mucous surface of the colon is 
involved. Clinically, during this period there is an increase in the 
number and a change in the character of the stools. The ulcers as they 
increase in size fuse and form large irregular ulcerated areas, similar 
to those presented in our first specimen (Fig. 3). The ulcerative 
process, though severe and chronic, is of such a character that portions 
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of the mucosa and submucosa adjacent to and supplied, apparently, by 
the primary arterial branches is preserved. These portions of the 
mucosa and submucosa remain as ragged tags scattered over the sur- 
face of the colon. As the process ameliorates and healing begins the 
irregular margins of these tags become smoothed oif and remain as 
rounded sessile elevations or as polypoid projections of the mucous 
surface. The portions of the mucosa that remain in these areas regen- 
erate over the surface, around the base or pedicle and, if conditions 
remain favorable, ultimately, over the barren and denuded submucosa 
and together with submucosa over the muscular layer. The mucosa 
may thus be completely restored, and, with its numerous scattered 
polypous projections, present a perfect picture of colitis polyposa. 
Coincident with the process of healing, and later, the proliferated fibro- 
blasts begin to contract, as in the cicatrization of a wound. This leads 
to an occlusion of the orifices of certain of the tubules situated in the 
polyps and over the mucosa between the polyps. There is then an 
accumulation of secretions in these occluded tubules with the ultimate 
formation of retention cysts. These of course increase in size as long 
as there are secreting cells in their walls, and as there are a greater 
number of tubules over the surface of the polyp than over the surface 
of the mucosa, the polyp may appear as a collection of small cysts. It 
is probably in this manner, as before stated, that the condition which 
Virchow has designated as colitis polyposa cystica is brought about. 
It is the end stage of colitis polyposa. 



OBSERVATIONS ON THE USE OF THE ABDERHALDEN 
REACTION WITH NORMAL AND PATH- 
OLOGICAL HUMAN SERUMS* 

ELLISON L. ROSS, Ph.D., and H. DOUGLAS SINGER, M.D. 

KANKAKEE, ILL. 

The material of this paper is arranged in the following order: 

1. Negative reactions with testicular substrate and male dementia 
praecox serum. 

2. A comparison between the blood-serum of normal persons and 
those suffering with general paralysis of the insane as regards pro- 
teolytic action on brain substrates at various stages of washing. 

3. Proteolysis of substances precipitated from the water used for 
washing various organs in the course of preparing substrates. 

4. Comparison of tlie proteolysis of emulsions, prepared by con- 
centrating the washings from brain substrate, by serum from general 
paralysis and normal persons. 

In a previous communication^ we proved, first, that the serums of 
normal animals contain ferments capable of giving positive Abder- 
halden reactions with substrates prepared from many body tissues, 
and second, that the substance (or substances) which gives the reaction 
may be removed from the substrates if the washing- with acidified 
water is continued long enough. This work was done on dogs and 
cats. The results to be reported here were obtained with human 
serums and substrates. 

First, it was demonstrated that normal human blood serum con- 
tains ferments capable of digesting brain tissue substrate at a certain 
stage in the process of washing, when it no longer gives any ninhydrin 
reaction without previous lysis. It was also demonstrated that the 
washings contain a substance capable of digestion by normal serum. 
As these results will be used for the demonstration of certain other 
points in comparison with pathologic serums, the tabulation for tlie 
moment will be postponed. 


* Submitted for publication Nov. 12, 1914. , . t 

* From the laboratory of the Illinois State Psychopathic Institute. 

* Read before the Mississippi Valley Medical Association, Oct. 29, 1914. 

1. Ross, E. L., and Singer, H. D. : A Point to be Considered iii the Use 
of the Abderhalden Reaction, The Archives Int. Med., 1914, xiv, aa2. 

2. It should be stated that this refers to the washing by boiling after the 
tissues have been thoroughly freed from blood by washing in cold water, as 
recommended b}’* Abderhalden. 
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REACTIONS BETWEEN DEMENTIA PRAECOX SERUM AND SEX-GLAND 

SUBSTRATE 

As our work demands a special interest in the problems of psy- 
chiatry we have performed a series of tests on the digestion of sub- 
strates prepared from testes with the serum of male patients presenting 
a dementia praecox picture. The available supply of this tissue was 
necessarily small, hence all was composited and it was then washed 
twenty times. The series of blood-serums employed for testing with 
this material comprised seventeen cases of undoubted dementia prae- 
cox type, and all, with one exception, gave an entirely negative result. 
One serum was recorded as doubtful, there being a mere suspicion of 
a blue color on boiling with ninhydrin. It thus seemed clear that 
sufficient washing of the substrate will cause a negative reaction 
between the blood-serum of these individuals and testicular tissue. 

It is therefore justifiable to insist, as was done in our previous 
communication^ that a positive Abderhalden reaction with sex-gland 
means nothing at all unless it is demonstrated to be stronger than 
that obtained with a sample of the identical (not merely similar) 
substrate and a series of normal serums. 

REACTIONS OF GENERAL PARALYTIC AND NORMAL SERUMS WITH BRAIN 

SUBSTRATES 

Sex-glands are so small that it is impossible, without a prolonged 
wait, to use them for a series of studies. In paresis, however, we have 
an excellent example of a disease in which an organ, the brain, is 
undergoing destruction and alteration from its normal structure and 
composition. According to Abderhalden’s theory of the development 
of protective ferments, the serums of paretics should certainly contain 
enzymes capable of digesting brain protein. Therefore, as these 
materials were readily obtainable, it was decided to work with brain 
substrate and paretic serums. 

In the light of our previous results, the washing of the brain tissue 
was made a prominent factor in the investigation. Each brain was 
washed twelve to fourteen times. At different stages of this washing 
quantities of the tissue were taken out and saved as an individual sub- 
strate. Thus, from each brain, three or four substrates were prepared. 

Source of Material . — Since it has not yet been determined whether 
it is permissible to use pathological material for substrates, it seems 
well to specify the source of the material employed. 

Brain i was obtained five hours after death, from a white man 
24 years of age, who died seven hours after an injury to the head 
which had given rise to a hemorrhage at the base of the brain in the 
region of the right carotid artery. From the history obtained, this 
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man had always been healthy, did not take alcoholic beverages and 
had had no venereal infection. No evidence of disease was found 
anywhere in the body either macroscopically or microscopically. 

Brain 2 was removed twelve hours after death, from the body of 
a white man 42 years of age. This man had been epileptic for thirty 
years and was considerably demented. Death took place in a con- 
dition of status epilepticus and the autopsy revealed engorgement of 

TABLE 1. — Abderhalden Tests with Serum of Paretics and Brain 

Protein 
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TABLE 2. — Abderhalden Test with Serum of Normal Persons and 

Brain Protein 
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Boiled with Acidified Water 
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24 

12 

21 

24 

9 

1 

12 ! 

12 

12 

12 

tamed 


13 

1 

0 

0 

0 

0 ' 

j 

0 

0 

1 0 

i 

Percentage of positives 

54.2 

8.3 

0.0 

0.0 

0.0 

j 

0.0 

0.0 

0.0 

0.0 


cerebral vessels, an old hemorrhagic cyst in the left hippocampus, 
healed tuberculosis of lungs and cholelithiasis with chronic inflamma- 
tion of the liver and splenic capsules. 

Brain s, removed twenty hours after death from the body of a 
white woman, aged 61. The woman had presented a picture of a 
paranoid type of dementia praecox for more than twenty years. Death 
resulted from a subacute ulcerative colitis with an abscess in the left 
lung. There was much fatty degeneration of the myocardium and 
liver and some cloudy exudate beneath the pia mater. 

Brain 1 may be considered as an ideal specimen for the purpose, 
whereas Brains 2 and 3 are both of questionable value. Nevertheless, 
the results in all three are so similar that it has been deemed justifiable 
to combine them for the purpose of drawing conclusions. 

A series of tests with paretic and normal serums was made on each 
brain series. The results are given in Tables 1 and 2. 
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The curves shown in the chart are constructed from the data of 
Tables 1 and 2. The horizontal distances represent the number of 
washings while the vertical distances indicate the proportion, in per- 
centage, of the actual number of positives obtained to the number 
possible, allowing -f- -[- as a complete reaction. 

It is evident from these results that the ferment activity of the 
serum of paretics differs from that of normal persons. Even with the 
fewest number of washings the substrate was slightly less digested by 
normal serums. The third washing seemed to have caused the greatest 
difference in the digestibility of the tissue by the two classes of serum. 
No digestion of the brain occurred with normal serum after it had 
been washed five times, while there was considerable digestion with 
paretic serum till the thirteenth washing was reached. This is capable 
of various explanations. 



Proteolysis of brain substrates at different stages of washing by serums 
from normal persons and cases of general paralysis. General paralysis serum, 
solid line; normal serum, broken line. 


The first possibility which occurred to us was that the substrate 
might contain originally at least two classes of proteins, one easily 
washed out with acidified water, the other requiring more prolonged 
washing. If, then, the serum of paretics contained two kinds of 
ferment, one of which was common to all human blood-serum and 
caused lysis of the easily removable protein, while the other was 
specific in the sense that it was produced in response to tlie absorption 
of dead brain tissue resulting from the disease, paresis, and which 
acted on that class of proteins less easily washed out, the main facts 
established by these tests would be intelligible. Such a view is not 
out of harmony with Abderhalden’s theory of protective ferments, 
although it brings in other factors not hitherto considered. 
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This would readily explain the abrupt fall in the curve showing 
the digestion of brain substrate by normal serums after the second 
boiling, and would permit an understanding of the digestion of sub- 
strates from various organs by normal serums. Nevertheless, it 
seemed also necessary to consider a simpler explanation, at variance 
with the more generally accepted views, which is to the effect that 
there may be in brain substance a class of proteins capable of being 
washed out by boiling with acidified water and at the same time of 
being digested by a ferment (or ferments) present in both normal 


TABLE 3. — Effect of Variations in Quantity of Serum Used* 


Donor 

Quantity 
of Serum, 
c.c. 

Results on Brain 1 ^vlien Boiled 

01 

Serum 

2 Times 

5 Times 1 

8 Times 

Paretics— 

L. 0 

0.5 


1 


P. G 

0.5 

— 


• . 

A. B 

0.5 

— 

. . ’ 1 

. • 

A. C 

0.5 

— 

! 

. . 

E. J 

0.5 

— 



L. C 

1 1.0 

4- 1 

4- 



P. G 

1.0 


4- 

— 

A. B 

1.0 

4- 

i 

— 

A. C i 

1.0 ! 

1 

4- i 

— 


E. J 

1.0 I 

+ 

— 

— 

L. 0 

1.5 

4* 



P. G 

1.5 

4-4--}- 

. . 


A. 0 

1.5 

4-4-4- 

. . 

• • 

E. J 

1,5 

4 — h 

•• 

•• 

Normals— 

H. S 

10 

4- 



C. N 

1.0 

.4- 

— 



A. P 

1.0 

4- 

— 



E. R 

1.0 

4- 

— 

i 

E. R 

1.5 

4-4- 

4- 

4- 

'S-T/? lit - 


*It_ should be noted that control tests with substrate alone and with serum 
alone_ m similar quantities were used in each instance and proved uniformly 
negative. 
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and paretic serum, but that the conditions for enzyme activity are 
more favorable, for some reason, in paretic than in normal serum. 

To test this latter hypothesis a series of reactions was made on 
brain substrates with varying amounts of serum. The results are 
given in Table 3. 

From these results it is obvious that the quantity of serum used 
materially affects the degree of proteolysis which occurs, and hence 
that it is permissible to consider quantity as well as quality of ferment 
as a factor in determining the results of the test. 

REACTIONS WITH NORMAL SERUMS AND PRECIPITATES FROM WASHINGS 

OF SUBSTRATES 

In a previous paper we showed that a material which gave a posi- 
tive Abderhalden reaction with normal animal serums could be pre- 
cipitated with alcohol from the water used for washing in the prep- 
aration of animal substrates. Similar preparations were made from 
human tissues. The results of reactions with these precipitates are 
given in Table 4. 

TABLE 4. — Abjoerhalden Tests with Normal Serum and Substances 
Precipitated from Tissue Washings 


Donor of Serum 

Substrate 

Result 

H. S 

Thyroid preparation 


H. S 

Spleen 

— 

H. S 

Testes * 

+*f 

H. S. * 

Placenta 


E. E 

Suprarenal 

++ 

E. R 

Brain 

+ 

E. R 

Liver 1 

— 

E. R 

Kidney 



* Male. 


From Table 4 it will be observed that positive reactions were 
obtained with precipitates from the washings of all organs tested, with 
the exception of liver and spleen. It is of especial importance to note 
that a strong positive was obtained with a normal male serum and the 
precipitate from placental washings. These results, and especially 
that witli the placental preparation, suggest that there is some one 
protein (or group of proteins) common to most tissues which is 
capable of lysis by ferments normally present in the blood-serum. 
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PROTEOLYSIS OF EMULSIONS OBTAINED FROM WATER USED FOR WASHING 
SUBSTRATES ALREADY NEGATIVE TO NORMAL SERUMS 

It will be noticed in Table 2 that no normal serum tested gave a 
positiye reaction with substrate which had been washed five or more 
times, and in Table 1 that the number and degree of positive reactions 
with the use of paretic serums gradually diminished as the washing 
was continued, until they finally disappeared entirely. It thus seemed 
possible that an examination of the fluid used for washings later than 
the fifth might throw some light on the relation of the material washed 
out of the substrate at this stage to the ferments present in normal 
and paretic serums. For it seems clear that all the protein capable of 


TABLE 5. — ^Abderhalden Test with an Emulsion Prepared by Concen- 
trating THE Water Used for the Fifth to Eighth Washings 
OF Brain Substrate, Inclusive 


Donor of Serum 


Quantity of Emulsion 


m 

Mil 

0.5* c.c. 

0.2* c.c. 

0.1* c.c. 

Paretics— 

L. 0 

+ 





P. G 


•• 

i 

• • 


A. G 


i 


• • 

.. 

E. J 



• • 

. . 

• • 

R. M 

• • 

+ 

— 

— 

— 

E. M 

• • 


— 

— 

— 

E. P 

•• 

+4- 

— 

— 

-- 

Normals — 






H. S 

.. 

- h-h i 

+4- 

— 

— 

H. 0 

.. 

+ 

— 

— 

— 

E. R 

•• 


4-? 

— 

— 


* The bulk was made up to 1 c.c. by the addition of distilled water. 


cleavage by protective enzymes present in blood-serum is gradually 
removed, and hence that if there be two kinds of such proteins and 
two kinds of ferment, as in the hypothesis advanced above, those 
washings made after the substrate has become negative to normal 
serum, will contain only, or almost alone, the substance more difficult 
of removal, and, according to the hypothesis, capable of digestion only 
by a ferment specific for paretic serum. In such case the material 
precipitated from these later washings should give a negative reaction 
with normal serum and a positive with paretic serum, or at least the 
reaction should be more marked with the latter than with the former. 
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For this purpose the fifth, sixth, seventh and eighth washings were 
compounded and were concentrated to an emulsion by heating on a 
steam bath. As nothing was known of the amount of this emulsion 
to be used for a test, varying amounts were employed with 1 c.c. ot 
serum from both paretic and normal persons. Control tests with 
emulsion alone and serum alone were negative throughout. The 
results of the tests are given in Table 5. 

These re.sults demonstrate that the material which was washed out, 
even after the substrate had ceased to give a positive reaction with 
normal serum, was still as readily digested by normal as by paretic 
serum, and consequently point strongly to tlie conclusion that the 
continued positive reaction with paretic serums is due to some factor 
which favors enzyme activity in these as compared with normal 
serums. This might be expressed by saying that the difference is 
quantitative rather than qualitative. 

SUMMARY 

1. Substrates prepared from certain human tissues contain material 
which is digested by ferments present in normal human serum. 

2. This material can be washed out by boiling repeatedly with 
slightly acidified water. 

3. The water used for washing contains material which can be 
digested by normal serum ferment, 

4. Brain substrate which has been washed until it no longer gives 
positive reactions with normal serum may still be digested by the 
serum of general paralytics. 

5. The material which undergoes lysis from the action of ferments 
in the serum of general paralytics can be removed by further washing. 

6. The material removed by washing after the substrate has 
become negative to normal serum is digested by the ferments of 
nonnal serum in as great a degree as by that of general paralysis. 

CONCLUSIONS 

The published results of experiments on the lysis of tissue sub- 
strates by various pathological serums are of no value in permitting 
conclusions as to the seat of the lesion. 

The difference in ferment activity on brain substrates between the 
serum from general paralysis and that from normal persons appears 
to be quantitative rather than qualitative. 



THE FACTORS OF COAGULATION IN PRIMARY 
PERNICIOUS ANEMIA =5= 

CECIL K. DRINKER, M.D., and SAMUEL H. HURWITZ, M.D. 

BOSTON 

Within the past two years it has become more and more possible to 
study the factors concerned in blood coagulation. The literature of 
this period has even given promise of an etiological classification of 
hemorrhagic disease, but developments have not borne out this promise. 
If we accept the theory of Howell,^ there are five factors in coagula- 
tion — antithrombin, thromboplastin, calcium salts, prothrombin and 
fibrinogen — which may show variations in disease. Antithrorhbin, 
prothrombin, calcium salts and fibrinogen are present in the circulating 
blood. The prothrombin, however, is held in combination with anti- 
thrombin and thus prevented from activation into thrombin by calcium. 
Without thrombin there can be no coagulation. The presence of 
thrombin is secured through the fixation or neutralization of anti- 
thrombin by thromboplastin. This last substance, thromboplastin, frees 
the blood of antithrombin; under these conditions calcium at once 
forms thrombin from prothrombin; thrombin reacts with fibrinogen 
and gives fibrin. 

If, on the other hand, we accept the theory of Morawitz, with 
which most other theories can be brought into accord, we have four 
possible factors to consider. The existence cf antithrombin is admitted 
by this investigator, but it is not regarded a? an essential part of the 
process. According to Morawitz, thrombokinase (Howell’s thrombo- 
plastin) transforms thrombogen — normally circulating in the blood — 
to prothrombin; prothrombin later is converted into thrombin by cal- 
cium salts. Thrombin reacts with fibrinogen and gives fibrin. It is 
not possible to differentiate thrombogen and prothrombin so that the 
latter alone represents this factor in our experiments. 

QUANTITATION OF THE COAGULATION FACTORS AND THEIR VARIATIONS 

IN DISEASE 

1. Antithrombin . — HowelP has given us a rapid method for pre- 
paring thrombin. Making use of this thrombin and of a normal salt 

* Submitted for publication Nov. 20, 1914. 

* From the Peter Bent Brigham Hospital, Boston. 

1. Howell, W. H. : The Role of Antithrombin and Thromboplastin (Throm- 

boplastic Substance) in the Coagulation of the Blood, Am. Jour. Physiol., 1911, 
xxix, 187. ’ 

2. Howell, W. H.: Rapid Method of Preparing Thrombin, Am. Jour 
Physiol., 1913, xxxii, 264. 
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solution of dried oxalated plasma, which contains active fibrinogen, he 
has shown that we may get coagulation in from three to ten minutes. 
Such a system can be rendered non-coagulable, or coagulation can be 
greatly delayed by the addition of oxalated plasma which has been 
heated to 60 C. This prevention of coagulation is ascribed to the anti- 
thrombin present normally in the blood, and on this basis one may 
readily test the antithrombin in diiferent clinical conditions, Our tech- 
nic for these determinations has been that described by HowelP and is. 
illustrated in the protocol which follows. Making use of this method, 
HowelP has shown a diminution of antithrombin in three cases of 
thrombosis ; Whipple*’ an increase in one case of profound septicemia ; 
in a case of typhoid fever with complicating liver disease; in a case of 
miliary tuberculosis with epistaxis ; in a case of generalized thrombosis ; 
in a case of leukemia with purpura ; in a case of aplastic anemia with 
purpura and hemorrhage from the nose and gums. These are diverse 
conditions, and the method of taking the blood has not been uniform. 
In many of his determinations Whipple used blood from the heart col- 
lected some time after death, and his controls in antithrombin have not 
been as complete as Howell’s present methods seem to us to require. 
Austin and Pepper® found an increase in antithrombin in one case 
of simple purpura. 

2. T hromboplastin ( thrombokinase of M orazvitz ) . — Thromboplastin 
can be shown to be present in blood in many ways, but for quantitation 
there is at present no better method than the platelet count. It must be 
noted, however, that all the formed elements of the blood have been 
shown to have thromboplastic properties and that the platelets have 
also been shown to contain prothrombin,^ so that by this count we do 
not accomplish 'our purpose either completely or exactly. The litera- 
ture on the platelets is large, and it suffices to say that they have been 
shown to be increased in pneumonia, post-hemorrhagic anemia, and 
myeloid leukemia; in short, in diseases leading to multiplication of 
bone-marrow cells. They are decreased in most cases of pernicious 
anemia, in lymphatic leukemia, in typhoid and many other fevers, and 
in purpura hemorrhagica, whether primary or secondary. With the 

3. Howell, W. H. : The Condition of the Blood in Hemophilia, Thrombosis 
and Purpura, The Archives Int. Med., 1914, xiii, 76. 

4. Whipple, G. H.: Hemorrhagic Disease — Septicemia, Helena Neonatorum 
and Hepatic Cirrhosis, The Archives Int. Med., 1912, ix, 365. 

5. Whipple, G. H. : Hemorrhagic Disease. Antithrombin and Prothrombin 
Factors. The Archives Int. Med., 1913, xii, 637. 

6. Austin, J. H., and Pepper, O. H. P.: Experimental Observations on the 

Coagulation of Oxalated Plasma, with a Study of Some Cases of Purpura, 
The Archives Int. Med., 1913, xi, 303. ^ ^ t, 

7. Morawitz, P. : Beitrage sur Kenntniss der Blutgerinnung, Deu^cn. 
Arch. f. klin. Med., 1904, Ixxix, 213; Baynes-Jones, S.: The Presence of Pro- 
thrombin and Thromboplastin in the Blood Platelets, Am. Jour. Physiol., 
1912, XXX, 74. 
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exception of one observation by Austin and Pepper® we know of no 
cases of hemophilia in which they have been found deficient. Sahli® 
and Morawitz and Lossen® ascribe hemophilia to defective formation 
of thromboplastic material by injured vessel walls. This opinion is 
arrived at by a process of exclusion of other factors, but not by direct 
experiment. 

3. Calcium . — The third factor in the coagulation system, calcium, 
has not been studied in our series of cases. WrighP® has advocated the 
treatment of hemophilia by administration of calcium, and the weight 
of his advice has led to the indiscriminate use of calcium salts in bleed- 
ing conditions. Nolf^^ has absolutely denied calcium diminution in 
hemophilia, and it appears probable that this factor may be neglected 
in hemorrhagic disease. 

4. Prothrombin . — This cannot be determined with entire certainty. 
If one takes oxalated plasma and to a series of tubes adds dilute 
calcium chlorid, coagulation will result and the coagulation time will be 
shortest in the tube which happens to receive the optimum amount of 
the salt. HowelP has held that this is a quantitative test for pro- 
thrombin, and making use of it he has shown a great prolongation of 
coagulation time (on recalcification) in three cases of hemophilia, and 
he therefore ascribes the disease to a prothrombin deficiency.’ We 
believe the test most useful,- but think it should be subjected to cer- 
tain precautions. Lee and Vincent,^^ using human blood, have shown 
that the time of coagulation of recalcified oxalated plasma varies 
directly with the length of time of centrifugalization and they have 
felt that this is due to removal of formed elements. Perfectly clear 
plasma, the result of prolonged high-speed centrifugalization, clots in 
forty-five minutes on recalcification; cloudy plasma poorly centrifu- 
galized in fifteen minutes at most. It seems proved, therefore, that the 
speed of Howelhs prothrombin reaction can be modified by centri- 
fugalization, and it is probable that this is due to alterations in the 
solid content of the plasma. Since each prothrombin test must be 
controlled by a similar test on normal plasma it becomes of prime 
importance that the test and control material be similarly treated. 

I 

8. Sahli, H. : Ueber das Wesen der Hamophilie, Ztschr. f. klin. Med., 1905 
Ivi, 264. 

9. Morawitz, P., and Lessen, J. : Ueber Hamophilie, Deutsch, Arch. f. klin. 
Med., 1908, xciv, 110. 

10. Wright, A. E. ; Remarks on Methods of Increasing and Diminishing the 
Coagulability of the Blood, with Especial Reference to Their Therapeutic 
Employment, Brit. Med. Jour., 1894, ii, 57. 

11. Nolf, P. : Eine Neue Theorie der Blutgerinnung, Ergebn. d. inn. Med 
u. Kinderh., 1913, x, 275. 

12. Lee, R. I., and Vincent, Beth : The Coagulation of Normal Human Blood 
The Archives Int. Med., 1914, xiii, 398. 
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Without mentioning the use of such precautions, Whipple'^*® has 
reported two cases of melena neonatorum with diminished prothrom- 
bin. Addis^® also believes that a diminution of prothrombin is the 
cause of hemophilia. 

5. Fibrinogen . — This remains as the fifth factor in the system. It 
may be estimated very readily by the heat coagulation method outlined 
by Whipple and Hurwitz.^^ By a slight modification of this method 
Whipple^® has demonstrated an increase in fibrinogen in two cases of 
lobar pneumonia and in one of acute hemorrhagic colitis, a great 
decrease in chloroform poisoning, experimental and clinical, a decrease 
in two cases of cirrhosis of the liver and in five cases of cachexia from 
varying causes. The same observer reports normal fibrinogen in 
eclampsia, aplastic anemia and cancer of the liver. 

During the past winter we have used the methods outlined above in 
the following cases : 


Purpura 5 

Spontaneous thrombosis 1 

Cirrhosis of the liver 4 

Chronic lymphatic leukemia 1 

Secondary anemia and sarcoma 1 

Pernicious anemia 7 

Total 19 


Our results in the non-anemic cases may be summarized as follows : 

1. Purpura: Platelet count was reduced in two cases. Other fac- 
tors were normal. 

2. Spontaneous Thrombosis : Platelets were not studied. Other 
factors were normal. 

3. Cirrhosis of the Liver: Platelets were not studied. Fibrinogen 
Avas low in one advanced case with bleeding from the gums and pur- 
pura. Other factors were normal in the other cases. 

4. Chronic Lymphatic Leukemia : Platelets were not studied. 
Other factors Avere normal. 

We shall report one case of pernicious anemia in full, since it seems 
to illustrate the bleeding type of this disease, and Ave shall mention 
other cases as they control these observations. 

13. Addis, T.: The Pathogenesis of Hereditary Haemophilia, Jour. Path, 
and Bacteriol., 1911, xv, 427. 

14. Whipple, G. H., and Hurwitz, S. H. : Fibrinogen of the Blood as Influenced 
bv the Liver Necrosis of Chloroform Poisoning, Jour. Exper. Jled., 1911, xni, 

136. . . ^ - 

15. Whipple, G. H. Fibrinogen: 1. An Investigation Concerning its Ungin 
and Destruction in the Body, Am. Jour. Physiol, 1914, xxxiii, aO. 
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CASE REPORT 

History. — P. L. C., aged 26, salesman, unmarried, was admitted June 3, 
1914. Complaint, “Washed-out looking — weakness.” Family history and 
habits are entirely negative. There is no history of bleeding in the family. 

Previous Medical History. — Measles and diphtheria in childhood. No his- 
tory of whooping-cough, scarlet fever, typhoid, pneumonia, pleurisy, nor malaria. 
Cardiorespiratory : no history of dyspnea, nor edema of the feet nor ankles. 
He has never been subject to colds, tonsillitis, chronic cough nor night sweats. 
Gastro-intestinal : digestion always has been good. “Can eat anything.” He 
has never had periods of vomiting nor epigastric distress. Genito-urinary : 
he has had no polyuria, dysuria nor nocturia.- Nervous: there is no history 
of paralysis, injury nor operation; of areas of anesthesia nor paresthesia. No 
headache nor vertigo were present prior to the present illness. For the past 
three years he has noticed that the sight of his left eye has been somewhat 
diminished and indistinct. 

Present Illness. — In August, 1913, the patient's friends called his attention 
to his loss of color. From this time until March, 1914, the patient kept at his 
work and took iron with fair steadiness, but became constantly paler and more 
yellow. About May 10 severe occipital and frontal headaches developed. These 
lasted all day and were accompanied by periods of vertigo, especially notice- 
able when the patient suddenl}^ sat upright. At the same time there was 
marked weakness in the muscles, with dyspnea and frequent attacks of sharp 
cramps in the legs when walking. Three days ago the headaches became less 
severe, but his appetite disappeared completely. There were no nausea, vomit- 
ing, gastric pain, nor discomfort with this. Two weeks ago he noticed dark 
colored stools on one occasion. There has been no history of large gastric nor 
intestinal hemorrhage. For several weeks there has been a marked tendency 
to bleed from the gums. The patient has been compelled to stop brushing 
his teeth as this starts bleeding which will last several hours. 

Of late there has been increased dimness of vision in both eyes. - His best 
weight was 138 pounds one year ago ; present weight 124 pounds. 

Physical Examination. — The patient subjectively is entirely comfortable. 
Skin is very pale, yellow, moist and smooth. 

Eyes; Pupils are equal, round, regular and react promptly to light and dis- 
tance. There is no nystagmus or strabismus. Eye-grounds : O. D., disc is 
pale, vessels over it are poorly made out. Entire remaining area of fundus 
is covered with radiating hemorrhage. O. S. disc is outlined with fair sharp- 
ness. Hemorrhagic condition similar to that of O. D. is present. 

Ears and Nose: Normal. 

Mouth; Mucous membranes are very pale. Teeth are in good condition. 
At the junction of teeth and gums there are a few small blood clots. Tongue 
is protruded in mid-line without tremor. Tonsils are not enlarged. 

Neck: Normal. 

Chest; Lungs are clear, resonant and normal throughout. 

Heart: There is no enlargement. There is a soft systolic murmur obscur- 
ing the first sound. This is well heard at the apex but is not transmitted 
to the axilla. At the base a rough, blowing systolic murmur is present, best 
heard in the third left interspace. Pulmonic second is greater than aortic 
second. 

Pulses: Are regular, rapid, equal, synchronous and collapsing. Rate 128. 
Marked pistol shot sound is heard in the groin. Blood-pressure ; systolic 145 • 
diastolic, 70. 

Abdomen: No masses, tenderness, nor rigidity made out. Slight disten- 
tion is present. 

Liver is not enlarged. 

Spleen is not enlarged. 



lABLE 1 . — Factors of Coagulation and Blood Examinations 














* On and after this date antithrombin plasma diluted 1:1 with 0.9 per cent. NaOl. 
t Lost. 
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Extremities: There are no edema, scars, cyanosis, or sclerosis of peripheral 
vessels. Color of the skin everywhere is very light yellow. 

Reflexes: Knee, ankle, biceps, triceps, supinator, and pronator reflexes are 
easily obtained and very active. There is a marked patellar clonus. No ankle 
clonus, Gordon sign, Oppenheim sign, nor Babinski sign made out. 

On admission the temperature was 99.2 F. Pulse, 128. Respiratory rate, 21. 

BLOOD EXAMINATIONS AND CLINICAL NOTES 

June 4. Blood: 

Hemoglobin 29 per cent. 

R. B. C 752,000 

W. B. C 3,200 

Platelets (23) 2,800 

Differential Count: Polymorphonuclear neutrophils, 54 per cent; large 
mononuclear cells, 4 per cent, ; lymphocytes, 41 per cent ; eosinophils, 1 per cent 
Red cells show very slight anisocytosis and poikilocytosis, uo polychromatophilia, 
stippling, or basophilia. No myelocytes, normoblasts, or megaloblasts are seen. 

The puncture wound from which blood was taken for counting bled for 
forty-five minutes and was finally checked with nitrate of silver. This pro- 
longed bleeding time was constant and necessitated subsequently the use of 
a very fine needle. Warned by this experience, the venous punctures recorded 
later were made with a fine needle and no trouble occurred. 

Urine : Negative. 

Wassermann reaction blood serum, negative.' 

The patient was at once placed ori ascending doses of Fowleps solution, 
dilute hydrochloric acid with meals, and forced house diet. He was kept 
at rest in bed out of doors all of the time. 

June 5, blood obtained by venous puncture. 

Coagulation time, twenty-seven minutes. (HowelFs method.) 


TABLE 2.— Case P. L. C. Determination of Antithrombin 


Thrombin, 
Drops ' 

1 

Heated Plasma, 
j Drops 

Fibrinogen, 

Drops 

Result 

4 i 

1 

10 

Clot in 7. hours. 

i 

5 j 

1 

f 1 

10 

[ Clot in SI minutes. 

i 

! 

10 

1 Clot in 18 minutes. 


CONTROL 0. K. D. 


4 

4 

1 

10 

Faint clot in 27 minutes; 



firm clot in 7 hours. 

5 

1 

10 

Clot In 37 minutes. 

a 

i 

1 

10 

Clot in IS minutes. 


PROTOCOLS 

The following protocols illustrate the methods used for determining anti- 
thrombin and prothrombin. For further studies of these factors and 
correlation with the changing blood picture, reference must be made to a e . 

Antithrombin was determined by Howeirs method. The test p asma is 
heated slowly to 60 C. and then centrifugalized to throw down the fibrinogen 
which has been precipitated. If a drop of the supernatant fluid is a e o 
a known thrombin solution it can be shown to delay the action of t iis irom in 
on fibrinogen most markedly. In ever^^ test the supposedly abnormal plasm 
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must be compared with plasma from a normal individual, the two being treated 
in the same way, their comparison indicating the abnormality, if it exists. 

The patient’s antithrombin was entirely comparable to that of the control 
and in this factor no abnormality existed. For tests made on June 17 and fol- 
lowing dates heated plasmas were diluted 1 : 1 with 0.9 per cent. NaCl in order 
to shorten the time necessary for the experiment. 

Prothrombin was determined by recalcifying oxalated plasma. Ability to 
invert a 10 mm. lube without dislodging the clot has been taken as the end- 
point throughout our entire series of observations on prothrombin. In these 
tests, as with antithrombin, comparison with normal plasma is necessary. Prior 
to July 7 the test bloods and the controls were centrifugalized simultaneously 
to obtain the plasma, but the duration of centrifugalization varied on different 
occasions. On and after this date the same speed and same time were used. 


TABLE 3. — Case P. L. C. Determination of Prothrombin 
-1 


Oxalated Plasma, 
Drops 

0.5 Per Cent. CaOk, 
Drops 

Result 

5 

2 

Invertible in 19 minutes. 

5 

3 

Invertible in 25 minutes. 

5 

4 

i Invertible in 25 minutes. 


5 

1 Invertible in 72 minutes. 


CONTKOL 

0. K. D. 

5 

i 2 

1 

Invertible in 11 minutes. 

5 

1 

3 

Invertible in 10 minutes. 

5 

4 

Invertible in 10 minutes. 

5 

\ 

1 5 

Invertible in 12 minutes. 


The patient’s plasma coagulated more slowly than the control, indicating 
a prothrombin deficiency. 

Fibrinogen was determined by the heat coagulation method : 10 c.c. of 
oxalated plasma are heated to 60 C. and kept at this temperature for twenty 
minutes. The resultant coagulum is filtered off, washed and weighed. This 
process is adequate for showing gross alterations in fibrinogen but very inaccur 
rate for small variations. 

Fibrinogen. — 0.4204 gm. in 100 c.c. oxalated plasma. 

June 10: For the past two days the patient has been spitting blood con- 
stantly and this evening vomited SOO c.c. of dark bloody material. He refuses 
nourishment and appears to be failing fast. 

June 11 ; Condition is unimproved. Transfusion was decided on and 750 c.c. 
of whole blood were introduced by the indirect method from the patient’s 
father. During exposure of the patient’s veins there was a large amount of 
troublesome oozing. This occurred in subsequent transfusions, but always 
decreased as the new blood was given. About one-half hour after transfusion 
a few purpuric spots appeared on the patient’s forearms. Bleeding from the 
^ms^ stopped promptly and there was no subsequent hemoglobinuria nor eleva- 
tion in temperature. 

June 12: Transfusion has resulted in an increased platelet count and 
increased prothrombin. Fibrinogen has risen slightly but not enough to be 
significant. 

June 14: Bleeding from the gums has recommenced. 

June 16: Oozing from gums continues. Pulse rate has risen. The rapidly 
falling red count is an indication for a second transfusion. 
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TABLE 4. Anemic Cases with Slightiy Decreased Prothrombin 


Case 

Prothrombin 

Hemo- 
■ grlobin, 
Per 
Cent. 

R. B. 0. 

W. B. C, 

Poly- 

nuclears, 

Per 

Cent. 

Large 

Bound, 

Per 

Cent. 

Lympho 

cytes. 

Per 

Cent, 

- Eosino 
Phils, 
Per 
Cent. 

Nucleat- 
ed Cells 

Case, 

Min. 

Control 

Min. 

VI 

2-- 9 

9 

67 

2,400,000 

5,400 

54 

6 

38 

3 

0 


3-9^ 

6 










4-10 

8 










6-13 

8^ 









lU 

2-11 

9 

43 • 

1 

1 

^ 1,080,000 : 

4,600 

70.5 

5 

23 


0 


3-12 

9 







1 1 


i 

4^12 

1 

i 9 











i 9 









IV 

2- 9 

6 

60 

1,724,000 

6,400 

83 

3 

10 

4 

6 

1 

3- 9 

5 










4- 9 

b 










5-12 

5 









V 

2-0 

6 

21 

m 


63 

3 

29 

0 

0 

1 

3- 9^ 

5 







i 



4- 9% 

5 







i 

i 


1 

i 

&-ll% 

1 

5 







1 

j 



June 17 : 750 c.c, of blood were given. There was immediate cessation of 
bleeding and immediate improvement, 

June 20; Gums are not bleeding and the patient is in fine spirits, with excel- 
lent appetite. Prothrombin observed on this day parallels the control. 

June 24: Gums bled severely all last night and are bleeding this morning. 
Pulse is weak. 750 c.c. of blood by indirect transfusion from father caused 
immediate cessation of bleeding and general improvement. 

June 30: A great deal of bleeding from the gums recurred yesterday and 
last evening. During the night 50 c.c. of defibrinated human blood were injected 
intramuscularly. To-day the bleeding is not so rapid nor profuse and clots 
tend to form on the bleeding surfaces. Transfusion was again done, 650 c.c. 
being given. Hemorrhage stopped at once and a comfortable night's sleep 
ensued, 

July 4: Patient has developed a sore throat with’ peritonsillar swelling on 
the right side. Gums bled constantly all afternoon and he vomited his supper 
with a quantity of swallowed blood. 

White blood cells, 2,400. No increase of leukocytes was noted with this 
infection, which however, was severe enough to send the temperature to 102 F. 

July 5: Gums are bleeding more severely; 11 c.c, human blood serum were 
given intramuscularly. 

July 6: Fowler's solution was omitted; 10 c.c. human blood serum were 
given intramuscularly. This injection was followed by slight abatement of 
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bleeding during seven or eight hours, but then it started again and became 
very severe; 0.2 gm. salvarsan was given intramuscularly. 

July 7: Excessive bleeding from the gums was present this morning and 
after a very restless night. Defibrinated human blood, 44 c.c., were given in 
the morning but the bleeding was not affected in the least; 750 c.c. of blood 
were given by transfusion during the afternoon and bleeding ceased imme- 
diately. 

July 14: Slight oozing is present this morning between, the two upper right 
pre-molars. 

July 16: Salvarsan, 0.2 gm., was given intravenously. 

After this date the patient’s course continued much the same. On July 21 
he received 750 c.c. of blood and on July 29, 900 c.c. and 0.2 gm. of salvarsan 
. intravenously. These transfusions like the others were necessitated by a 
rapidly falling blood count due to bleeding from the gums and to failure of 
regeneration. Thorough removal of tartar collections from the teeth remedied 
somewhat the bleeding tendency but did not prove of permanent value. Aug- 
^ust 10 splenectomy was proposed and refused. Following refusal of operation 
the patient left the hospital for his home. He was seen one week later and 
was evidently failing fast. In ten more days he died and no autopsy could be 
obtained. 

DISCUSSION OF CASE AND CONCLUSIONS 

If we consider the entire course of this anemia it seems to have been 
distinguished chiefly by failure to regenerate blood-cells and by a ten- 
dency to bleed. In a recent analysis of aplastic pernicious anemia, 
Musser’-® emphasizes certain essential characteristics of this disease. 
These are : 

1. Young males are most frequently affected. 

• 2. Remissions do not occur. 

3. Subcutaneous hemorrhages and hemorrhage from mucous mem- 
branes are extremely frequent. In four of the fifty-nine reported 
cases sudden hemorrhage was the first manifestation of the disorder. 

4. Fever is a constant symptom and often reaches a high point in 
the disease. In our case fever was constant, but 102 F. was the highest 
point reached. 

5. A low color index is the rule. This was not observed by us, the 
color index being constantly above 1. 

6. Leukopenia is constantly present and is caused by absence of 
granular forms. Leukocyte counts rarely exceed 2,000 and polymor- 
phonuclear forms constitute from 8 to 20 per cent., instead of the 
usual 70 per cent. There is relative lymphocytic increase. 

We noted constant decrease of polymorphonuclear cells with 
increased lymphocytes, but our percentages have never been so marked 
as those mentioned b}'’ Musser. 

16. Musser, J. H. : Study of a Case of Aplastic Anemia, The Archives Int. 
Med., 1914, xiv, 275. 
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7. Nucleated red forms, polychromatophilia, stippling and poiki- 
locytosis are absent. Anisocytosis is found occasionally, with a ten- 
dency to macrocytosis. In twenty-five differential counts we found 
nucleated red cells ten times, three, being the highest number seen. 
Other^ characteristics of the red cells corresponded very well with the 
ruling observations in these anemias. 

It seems safe to regard the case as one of fairly complete aplasia. 
We have not found any extensive studies of the factors of coagulation 
in bleeding anemias. Musser records a prolonged coagulation and 
bleeding time in his case, and also notes the fact that 20 c.c. of horse 
serum with 1 gm. doses of calcium lactate four times a day did not 
check the tendency. Whipple® reports a case of undoubted aplastic 
anemia in which there was epistaxis and constant uncontrollable oozing 
from the gums. This patient was given 500 c.,c. of defibrinated blood 
by indirect transfusion, with no effect on the hemorrhagic process. 
Bleeding time was prolonged, but coagulation time appeared normal. 
Blood was taken from the heart one hour and twenty-five minutes 
after death and an increase in antithrombin found. Prothrombin was 
normal and fibrinogen undetermined. The prothrombin and anti- 
thrombin studies used in this case were not subjected to the controls 
which Howell’s later paper emphasized as necessary. 

In our case we have noted the following facts : 

1. Coagulation time was distinctly prolonged once only (July 17) ; 
bleeding time was always long. 

2. Platelets were always far below normal and were not consistently 
increased by transfusion. 

3. Antithrombin was consistently normal and was not altered by 
transfusion. 

4. Fibrinogen was normal throughout and was unaffected by tran.s- 
fusion. 

5. Prothrombin was constantly decreased, but was subject to tran- 
sient slight increase by transfusion. 

We have felt that throughout the entire clinical course of this 
patient the prothrombin reaction has given us an excellent indication 
of the effective clotting power of the plasma. The end-point used in 
the test expresses complete solid coagulation. Clotting may begin in 
normal time, but the process, instead of requiring a few minutes as in 
ordinary plasmas, takes many minutes. We have been interested to 
note that tire plasma from other cases of pernicious anemia, essentially 
formative in character, shows the same tendency, but to a very slight 
degree. In none of these, however, has there been a history of hem- 
orrhage and all have been regenerative and have passed into periods 
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of remission. Table 4 presents four such cases. Unfortunately, these 
^observations are not accompanied by platelet counts, the importance 
of this factor being unappreciated when they were made. Fibrinogen 
and antithrombin were normal and the blood picture indicates the 
severity of the anemia. 

Our studies seem to emphasize the following points : 

1. Prothrombin is diminished slightly in all cases of pernicious 
anemia. 

2. This diminution is not great and is unimportant if active regen- 
eration is in progress. 

3. Antithrombin and fibrinogen are normal even in the presence of 
very low cell counts. 

4. In one case in which there has been pronounced diminution in 
prothrombin, platelet counts have been strikingly low, and the picture 
throughout has been that of fairly complete aplasia. 

We wish to express our thanks to Dr. K. R. Drinker for many fibrinogen 
determinations throughout this work. 



THE ORIGIN OF THE PROTEINS OF NEPHRITIC 

URINE * 


A. L. CAMERON, M.D., and H. GIDEON WELLS, M.D. 

CHICAGO 

From time to time attempts have been made to determine the source 
of the protein present in albuminous urine. Chemical methods are, in 
most forms of albuminuria, entirely incapable of distinguishing between 
blood proteins, kidney proteins and urinary proteins. The most definite 
exception to this statement is furnished by the peculiar protein of 
^hnyelopathic albumosuria,^^ which is distinctly different from any pro- 
tein found in normal blood or tissues. With the advent of^ the pre- 
cipitin reaction came the possibility of distinguishing sharply between 
proteins from different species of animals, which made it feasible to 
investigate the urinary proteins in relation to their original source, i. e., 
to determine whether they come unchanged from the food proteins, or 
have the character of human proteins. Several studies of this kind 
have been reported, but not with constant results. So discordant and 
widely scattered is the literature on this topic that it has seemed advis- 
able to collect and analyze the evidence at some length. 

All are agreed that foreign proteins introduced parenterally are at least 
in part quickly excreted by the kidneys in unchanged form, which establishes 
the fact that the kidney can excrete proteins coming to it from the blood, 
whatever bearing this fact may have on the question as to whether urinary 
proteins in nephritis come directly from the blood or not. 

Ascoli^ found by means of the precipitin test that, after eating eggs, the 
urine of healthy men and of nephritics gives reactions for both egg and 
serum proteins. In some individuals, however, he was able to demonstrate 
the presence of egg albumin in the blood and not in the urine, showing that 
there may be a certain amount of foreign protein absorbed unchanged and 
yet not eliminated in the urine in demonstrable quantities. He found that 
after eating beef or chicken the corresponding proteins may be demonstrable 
in the urine, in case they capse albuminuria.' Inouye^ also found that precipitin 
reactions are given with anti-egg serums by the urine of some patients after 
eating excessive amounts of raw egg, but not by all. It would seem that 
infants are more likely to absorb proteins unchanged than adults, and Lust 
found that, especially in diseased conditions of the alimentary canal in infants, 
egg-white may be detected in the urine by both precipitin and anaphylaxis 


* Submitted for publication Dec. 4, 1914. 

*From the Department of Pathology, University of Chicago. 

1. Ascoli: Miinchen. med. Wchnschr., 1902, xxvi, 734. 

2. Ascoli: Miinchen. med. Wchnschr., 1903, 1, 201 and 1761; Ztschr. f. 
physiol. Chem., 1903, xxix, 283. 

3. Inouye: Deutsch. Arch. f. klin. Med., 1903, Ixxv, 378. 

4. Lust: Jahrb. f. Kinderh., 1913, Ixxvii. 
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reactions. Bovine protein is much less readily demonstrated in the urine 
after feeding. 

On the other hand, using the extremely delicate anaphylaxis test, which 
can detect much smaller quantities of the protein than the precipitin test, one 
of us was unable to demonstrate the presence of egg proteins in the urine 
of healthy men after eating large quantities of raw egg-white, whether 

albuminuria was produced or not."* If there was albuminuria the reactions 
were only for human proteins and not for egg proteins. But Minet and 
Leclercq® found that the urine of both normal and nephritic patients who 
have been given egg-white and milk may sensitize guinea-pigs to these same 
proteins; ordinary nephritic urine, they state, sensitizes only to human serum. 
Unfortunately their work is published only as a brief note, which does not 
permit of critical consideration. 

Hecker'^ examined the urine of six infants, fourteen children, and three 
adults and obtained precipitin reactions with antibovine serum with the urine 
of one infant and five children. In five of these six cases the urine also 

reacted with antihuman serum, and in -one for a time only the bovine reaction 

was obtained. This result, however, is not duplicated by Krasnogorski,® who 
examined by both the precipitin and the complement fixation reactions the 
urine from twenty children, and in no case could he demonstrate the presence 
of the proteins which were being received in the food. 

Whether the urinary protein in nephritis comes from the blood 
through damage to the capillary walls, as is commonly assumed, or is 
derived from the renal epithelium, is not a new question, but renewed 
interest is given to it by the suggestive studies and theories of nephritis 
and edema of Martin H. Fischer. According to him the urinary pro- 
tein is derived from the renal cells which have been dissolved under 
the influence of acids. We do not understand Fischer to contend that 
this is the sole source of the urinary protein, but it is evident from the 
general considerations in his book that he looks on this as the most 
important source. Since our biologic methods have been refined so 
that, at least under certain conditions, different proteins from the same 
animal may be distinguished, it would seem feasible to investigate by 
these methods the source of the urinary proteins in albuminuria, and 
to determine whether the urinary protein is a blood protein, or is 
derived from the renal tissue, or is a mixture of the two, or, possibly, 
is entirely distinct from either. 

The principle involved is that of saturation or exhaustion of com- 
mon antibodies in immune serum, so that the specific antibodies which 
are left can then be detected. Thus, if an animal is immunized to a 
mixture containing protein A and protein B, its serum will react with 
either protein. After saturating all the antibodies for A, by permitting 
reactions to occur with enough of A to combine them all, the anti- 
serum should still contain antibodies for B, which can then be demon- 

5. Wells, H. G.: Jour. Am. Med. Assn., 1909, Ixiii, 863. 

6. Minet and Leclercq: Compt. rend. Soc. de biol., 1912, Ixxiii, 464. 

7. Hecker: Miinchen. med. Wchnschr., 1909, Ivi, 1875. 

8. Krasnogorski ; Ztschr. f. Kinderh., 1912, iv, 526. 
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strated. For example, it is practically- impossible to prepare an 
extract of kidney or other organ which will not contain more or less 
blood proteins, no matter how carefully we may wash out the organ 
before extracting the proteins, hence, if we immunize a rabbit with 
such an extract, its serum will presumably contain antibodies for 
kidney proteins and also for blood proteins.^ To demonstrate that the 
human kidney does contain antigenic proteins distinct from those of 
the blood of the same animal we may take such an antikidney serum, 
permit it to react with human blood-serum until it will no longer give 
a precipitate with fresh quantities of blood-serum, and then test it with 
kidney extract; the production now of a precipitate with the kidney 
extract is presumptive evidence that this extract contains some antigen 
which is not present in the blood-serum of the same animal. 

By using this saturation method, Grund^'^ demonstrated readily that 
human liver, kidney and spleen contain specific organ antigens. That 
is, antiserums for these several organs, when saturated with the homol- 
ogous serum, would still give a precipitin reaction with the specific 
organ extract; or, conversely, antiserum for human blood when satu- 
rated with the organ extracts was still reactive with blood-serum. It 
was much more difficult to secure evidence of specificity between the 
different organs, especially between liver and kidney, although the 
differentiation of these organs from muscle was well defined. Numer- 
ous other more recent studies have shown much the same result, 
namely, that there are organ-specific proteins which can be differen- 
tiated by the precipitin reaction through the saturation method, but 
that this is not easy to do. Apparently in general the serum is more 
easily differentiated from the organ proteins than are the latter from 
each other. 

This same principle of saturation can be utilized with the anaphyl- 
axis reaction, as has been shown in a series of experiments with the 
proteins of the hen’s egg and with certain vegetable proteins by Wells, 
and Wells and Osborne,^^ a fact which strongly supports the hypothesis 
that the refractory or desensitized state of guinea-pigs recovered from 
anaphylactic reactions depends on an exhaustion of the specific anti- 
bodies that are responsible for the anaphylactic state. Here the pro- 
cedure is to inject the sensitized guinea-pig with one of the antigenic 
proteins until it no longer reacts, and then, after an interval of twenty- 
four to forty-eight hours, inject the other antigenic protein. A reaction 
with this second protein indicates that it or a corresponding antigen 

9. See, for example, ^linet and Bruyant, Compt. rend. Soc. de biol., 1911, 
l.xxi, 166. 

10. Grund : Deutsch. Arch. f. klin. Med., 1906, Ixxxvii, 148. 

11. Wells and Osborne: Jour. Infect. Dis., 1911, ix, 147; 1913, xii, 341. 
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was present in the material used for sensitizing, as well as the antigen 
which sensitized to the first protein to which the animal has been made 
refractory. 

We can find m the literature little evidence bearing on the possibility of 
a renal origin for the protein of nephritic urine, as tested by the biologic 
methods. Grand, in the paper previously referred to, reports the following 
experiments : Antirenal serum was saturated with blood serum and thus 
made specific for renal proteins, and was then found to give no precipitin 
reaction with urine protein from ten different cases, even when it had given 
a good reaction with the same urine before being saturated with serum. 
Anti-serum for human serum proteins, which had been saturated with renal 
extract, did give reactions with the urine from four cases of nephritis. These 
results indicate that urinary proteins, at least in nephritis, come from the 
blood and do not exhibit the biologic characteristics of specific renal proteins. 
As Grand states, however, the possibility that small quantities of renal protein 
may be present in the urine is not excluded by these experiments, but, if 
present at all, it presumably is in very small amounts. 

Later, a more extensive paper was published as an inaugural dissertation 
by Eva Moritz.^' She found that urinary protein gives a precipitin reaction 
with antiserum from a rabbit immunized with urinary protein, even after 
saturation of the antiserum with human serum ; likewise urinary protein 
saturated with antiserum for human blood is still reactive for antiserum for 
urine proteins. These experiments indicate that urinary protein is different 
from blood protein, which is quite the opposite from the finding of Grand. 
With antikidney serums the results were more ambiguous, but they generally 
gave reactions indicating that blood proteins and urinary proteins are not 
identical, but they did not show conclusively a difference between renal pro- 
teins and urinary proteins. Thus, two antirenal serums which reacted with 
both renal extract and urine protein, did not react with blood serum; also, 
antiurine serum when saturated with human serum still reacted with both 
urinary and renal proteins. Other antirenal serums were obtained, however, 
reacting with human serum and kidney extract, but not with urinary protein. 
Hence the conclusion is drawn by this investigator that urinary protein is not 
identical with either blood protein or the specific renal protein, and that if 
renal constituents are present in nephritic urine they must be extremely small 
in quantity. Urinary protein is, according to these deductions, a specific pro- 
tein of itself, different from either blood or kidney cell proteins. 

More recently Doerr and Picld^ have reported experiments on the anti- 
genic properties of urine proteins, and in their discussion they refer to cer- 
tain other workers in the field, but unfortunately without quoting references 
whereby the original articles could be consulted. Among their citations is 
an article by Landsteiner and v. Eisler, who obtained precipitins by immuniz- 
ing with normal human urine, which reacted with urine and with extract of 
human kidney; bitt they found that antisera produced by immunizing with 
human blood caused little or no reaction with normal human urine, and hence 
concluded that the antigen of normal urine must be different from the antigen 
of serum and perhaps derived from the kidney itself. The antiserums obtained 
by these authors by immunizing with urine were not very strong, and some 
subsequent observers have doubted that the reactions observed were true pre- 
cipitin reactions. Doerr and Pick, however, also found that the serum of 
a rabbit immunized with normal human urine (giving no chemical reactions 
for protein) gave precipitin reactions with extracts of human kidney, but not 

12. Moritz, Eva: Beitrage zur serologischen Untersuchung der Harnei- 
weisses, Freiburg i. Br., Speyer and Kaerner, 1911. 

13. Doerr and Pick: Ztschr. f. Immunitatsf., 1914, xxi, 463. 
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with extracts from, other organs or human serum. The antigen of normal 
urine also shows a characteristic seen with renal extracts, in that antiserum 
for horse urine contains amboceptors that are lytic for sheep erythrocytes and 
toxic for normal guinea-pigs. Furthermore, the amount of protein present in 
nephritic urine has no relation to the amount of this peculiar heterogenetic 
antigen found in normal urines, which is characterized by not being specific 
for the species from which it originates. Hence Doerr and Pick seem to have 
demonstrated that in normal urine there is an antigen which probably is derived 
^ from the renal cells and not from the blood, but which probably is not the 
same as the protein excreted in nephritis. Their experiments do not estab- 
lish the source of the latter.^^ 

While we were engaged in the present investigation, G. Salus“ published 
a study of the antigenic properties of ^‘organ plasma" prepared by Pohl's 
method, and found that such organ plasma, if free from blood, is entirely 
distinct from the antigens of blood. That is, in his experiments, antibodies 
(precipitins, anaphylactins, and complement-binding) for serum did not give 
reactions with organ plasma, or conversely. He then took up specifically the 
question of the origin of the protein in nephritic urine on the basis of this 
observation, and summarizes his results as follows: Antiserum for human 
serum gives precipitin reactions with nephritic urine but not with kidney 
protein, and antiserum for nephritic urine reacts with human serum; hence 
the urine must contain the same antigens as the serum. Antiserum for human 
kidney contained neither precipitins nor complement-binding antibodies for 
either human serum or nephritic urine; hence the latter does not contain 
the antigens characteristic of kidney tissue. Guinea-pigs sensitized with 
nephritic urine or blood serum did not give anaphylaxis reactions with kidney 
plasma, and animals sensitized with this plasma were reactive to serum or 
urine only when the plasma gave distinct reactions for blood. He therefore 
concludes that the protein of nephritic urine must be serum protein, and not 
renal tissue protein. 

Examining the protocols, however, we find that these conclusions are based 
on a small number of experiments. For example, the statement that human 
serum does not sensitize to human kidney plasma is based on one experiment; 
while the reverse reaction was tried but twice. As for the experiments between 
kidney plasma and urine, we find but six; of three guinea-pigs sensitized with 
human kidney, two gave no reactions with human nephritic urine, and one 
gave a slight reaction; of three sensitized to nephritic urine, one gave no reac- 
tion to human kidney, one gave a slight reaction and one died; the positive 
reactions are ascribed by Salus to admixed blood or pus. Surely no^ one 
familiar with the requirements of anaphylactic experiments would be willing 
to draw positive conclusions from such a meager and variable set of results 
as this, and the statement that has been^ made that these experiments settle 
Fischer's theory of nephritis is totally unwarranted.^® 

From this review of the literature it is apparent that the available 
evidence on the origin of the urinary protein, whether in alimentary 
albuminuria or in nephritis, is entirely contradictory, and therefore of 
little value in drawing any conclusions. Presumably, part of the con- 
tradictions depend on the difficulties inherent in the available methods 

14. In another paper (Biochem. Ztschr., 1914, lx, 257)^ discussing the anti- 
genic property of extract of horse kidney, they note that it is not anaphy ac o 
genic for guinea-pigs, but do not state whether the antigen of horse urine 
exhibits the same characteristic. 

15. Salus, G. ; Biochem. Ztschr., 1914, lx, 1. •,r j a i ;i 

16. A controverted theory of nephritis, editorial, Jour. Am. Med. Assn., ixn, 

1971. 
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for distinguishing, even by the biologic reactions, between • different 
proteins coming from the same animal. There should be, it would 
seem, no difficulty in differentiating egg or milk proteins from human 
proteins, nevertheless there are remarkable contradictions in the reports 
concerning the presence of foreign proteins in the urine in alimentary 
albuminuria. This being so, the distinction of the closely related pro- 
teins of urine, kidney and serum of the same species, must be a task 
of exceeding difficulty. It is evident, therefore, that there is need for 
more work, and especially for more careful work, in this field, and we 
have endeavored to seek further evidence on the disputed points. 

authors" experiments 

Our experiments were conducted as follows : 

Urinary protein was obtained by collecting large amounts of urine from 
patients with chronic parenchymatous nephritis, preserving with chloroform, 
dialyzing against cold running water until but a small proportion of the 
crystalloids remained, and then rapidly drying at room temperature by expos- 
ing in thin layers to an air current. The product thus obtained was found 
on analysis to contain 39.4 per cent, of soluble coagulable protein in one 
preparation, and in another 58.5 per cent. 

Kidney protein was obtained from fresh, practically normal human kid- 
neys, by washing the chopped tissue to remove as much blood as possible, 
extracting with water in the cold, and preserving the watery extract with 
chloroform. ' This extract contained 2.5 per cent of soluble, heat-coagulable 
protein. It contained, of course, a- considerable proportion of blood, but by 
use of the saturation method this difficulty should be overcome in biologic 
tests. 

Guinea-pigs of about 250 to 300 grams were sensitized with the following 
amounts of each material : 

Urinary protein, .005 gm. 

Kidney protein, 0.5 c.c. extract, or 0.0125 gm. protein. 

Human serum, 0.1 c.c. 

After an interval of twenty to thirty days they were injected with the 
heterologous protein in the following amounts : 

Urinary protein, 0.05 to 0.10 gm. crude material, or 0.020 to 0.058 gm. 
protein. Kidney protein, 2 to 5 c.c. of extract, or 0.05 to 0.125 gm. protein. 
Human serum, 0.1 c.c. to 0.6 c.c., after heating one hour at 56 C. to remove 
“primary toxicity.” 

A second dose of the same amount of heterologous protein was given 
twenty-four to seventy-two hours later, to insure saturation of all antibodies 
specific for the foreign proteins which the animal might have developed. 
This was followed forty-eight to seventy-two hours later by an injection, 
.usually of the protein used for sensitizing, to ascertain if there had been 
developed antibodies specific for this protein and not reacting with the heter- 
ologous protein. Frequently the third of our proteins was injected later, to 
see if any antibodies for this protein were present. 

Control experiments showed that our preparations were capable of pro- 
ducing severe, characteristic anaphylaxis reactions when the same protein was 
used for both sensitizing and intoxicating dose. 

In view of the character of the results obtained, it scarcely seems necessary 
to give detailed protocols ; hence the experiments are summarized in the accom- 
panying table : 
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Abbreviations used in tables : 

U — Urine protein. 

S — Human serum. 

K — Kidney protein. 

A — Human ascites fluid. 

0 — ^No anaphylactic reaction. 

+ — Slight anaphylactic reaction. 

— h — Moderate anaphylactic reaction. 
+ H — h — Severe anaphylactic reaction. 

± — Doubtful anaphylactic reaction, 
d — Fatal anaphylactic reaction. 


Table Showing Reactions in Animals Sensitized to Various Proteins 


1. 

K d 

SENSITIZED TO KIDNEY PROTEINS * 


2. 

K d 

— 

— 

— 

3. 

U + + 

u + 

U 0 

s -h 

4. 

U + + 

u + 

K + 

S fl- 

S. 

U + + 

u + 

K + 

s fl- 

6. 

U + + 

U 0 

K 0 

s + 

7. 

S + + 

s + 

K fl- 

Ufl- 

8. 

S + + 

s + 

ic fl- 

Ufl- 

9. 

S + + 

s + 

ic 0 

Ufl- 

10. 

S + + 

s + 

IC 0 

Ufl- 

* In all these 

experiments, unless 

otherwise specified, 

the interval 


sensitization before injecting the first intoxicating dose was twenty to thirty 
days, and between each succeeding dose it was two days. 


sensitized to serum proteins 


1. 

S d 



— 

2. 

S d 



— 

3. 

ICfl- fl- 

IC fl- 

Sfl- 

4. 

ic fl- fl- 

ic fl- 

s + 

5. 

ic fl- fl- 

ic 0 

U 0 

6. 

U d 

. — 

— 

7. 

U d 

— 

— 

8. 

U d 

— 

— 

9. 

Ufl-fl- 

u ± 

S 0 

10. 

Ufl-fl- 

u± 

S 0 



sensitized to 

URINE proteins 

1. 

Ufl-fl- fl- 

— 

■ — 

2 

'U fl- -f- -P 

— 

— 

3‘. 

Sfl- fl- 

S 0 

U 0 

4. 


S 0 

U 0 

5. 

Sfl-fl- • 

S 0 

U 0 

6. 

Sfl- 

S 0 

U 0 

7. 

IC -j — p 

IC 0 

S 0 

8. 

IC fl- 

IC 0 

s ± 

9. 

ic fl- fl- 

IC 0 

U 0 

10. 

ic fl- fl-fl- 

IC 0 

U 0 

11. 

K fl- fl- 

IC fl- 

U 0 

12. 

ic -P fl- 

ic -p 

U 0 

13. 

ic fl — p 

K-P 

U 0 

14. 


Sfl- 

U 0 

15. 

Sfl-fl- fl- 

Sfl- 

U 0 


U 0 
U 0 


K 0 
K 0 


K + t 
K + 
K + 

K + 

IC + 

K 0 
K + 


K 0 
K 0 


fThe injections recorded in this column were made seven days after the 
last preceding injection in Animals 3, 4, 5, 7, S, 9 and 10, so that t lere la 
been time for a new sensitization to have resulted from the first intoxicating 


dose given eleven days before. 
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SENSITIZED TO ASCITES FLUID 


1 . u + 

U 0 

A 0 

2. U d 

— 

— 

3. U-f 

U 0 

A 0 

4. U-h 

U 0 

A 0 

5. U4--1- 

U 0 

A 0 

6. K-I- + 

K 0 

A 0 

7. K+-h + 

K 0 

A 0 

8. K-{--h + 

K 0 

— 

9. K + + 

K 0 

A 0 


Examining this table we find that the results are as uniform as can 
be expected in such a series of anaphylaxis experiments, permitting, 
conclusions to be drawn with reasonable confidence. Without excep- 
tion, guinea-pigs sensitized to any one of the three preparations — 
urinary proteins, renal extract and serum or ascites fluid, react strongly 
to either of the other two. This must mean that identical antigens are 
present in each. We also find that after saturation with the heter- 
ologous antigen the animals are refractory to the antigen used for 
sensitizing, which may be interpreted as indicating the absence in any 
one of the three proteins of any antigen not present in the other two 
which can be demonstrated by the method employed. That there may 
not be such specific antigens present in urine, serum and kidneys, as 
maintained by some previous observers, we do not pretend to deny on 
the basis of these experiments. Other methods may demonstrate them, 
but our' experience with the saturation method in the detection of 
mixed antigens by anaphylaxis has indicated that this method usually 
is efficient.^ ^ 

CONCLUSIONS 

The literature on the source of the proteins in the urine of 
nephritics contains such” conflicting statements that it is impossible to- 
decide whether urinary protein is derived from the blood or the kid- 
neys, or is a specific protein distinct from the proteins of either blood 
or kidney. A series of experiments by the anaphylaxis method gave 
no evidence of the existence of antigens in either urine or kidney dis- 
tinct from each other or from the antigens of human serum. This 
result does not answer the question of the origin of urinary protein, 
but merely indicates the inadequacy of the anaphylaxis method for the 
solution of the problem. 


17. We also made attempts to develop precipitins and complement fixation 
antibodies by immunizing rabbits with these proteins, but without success. 



MERCURY NEPHRITIS * 

N. B. FOSTER, M.D. 

NEW YORK 

The instances of renal disease in which exclusively one portion of 
the anatomical structure of the kidney has received injury are so 
excessively infrequent that they at once excite interest as means of 
testing our conceptions of physiological functions of this organ and 
the mode of origin of some signs of disease. These conditions are, 
patently, those of successful experimentation. That the occasional 
cases of toxic nephritis in man have not been more fruitful in yielding 
information applicable to broader studies is due chiefly to the great 
rapidity and severity of the symptoms, culminating after a few days 
in death. Instances of fatal poisoning with mercuric chlorid are com- 
mon, and there is a well recognized type of lesion found in the kidney 
in these cases ; but as the period of life after ingestion of the poison is 
relatively brief, the signs and symptoms of renal injury are obscured 
and massed in those occasioned by a corrosive poison. 

In the case of mercuric poisoning reported here the patient lived 
forty-one days, so that many of the features ordinarily seen in these 
cases, while present during the first week or more, Avere not sources of 
confusion at later periods in the disease.^ 

CASE REPORT 

History, — Mrs. A. R., aged 26, was brought to New York Hospital, May 
26, 1914. She stated that she had that morning (8:30) taken six tablets for 
a headache. Shortly after, discovering that the tablets were mercuric chlorid, 
she sent for a physician. About half an hour after taking the tablets the 
patient vomited a large amount of material. On admission to the hospital 
at 10:15 a. m. the patient did not appear acutely ill. There were no excoriated 
areas in the mouth, though the pharynx was considerably congested.^ Other 
than some sensitiveness in the epigastrium the admission examination was 
negative. Lavage water containing gastric contents gave positive tests for 
mercury. A catheterized specimen of urine contained considerable albumin, 
numerous granular casts, but no blood. This specimen was not tested for 
mercury, but the metal Avas detected a number of times in the urine subse- 
quently. 

Tj'eatment and Course . — Treatment was at once begun by frequent lavage 
of the stomach and bowel and an endeavor made to increase the fluids taken 
by the patient, supplemented by the Murphy drip. During the first day the 


* Submitted for publication Nov. 7, 1914. 

* From the Department of Medicine, Cornell UniA^ersity, and the First 

Medical Division of the New York Hospital. . . ^ 

1. The longest period of life recorded after swallowing poisonous amounts 
of mercuric chlorid is twenty-one days. 
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patient’s mouth became sore, which interfered with the ingestion of anything. 
This symptom became worse and for two weeks there persisted an extreme 
degree of stomatitis and ptyalism which was an obstacle to the efforts made 
to spare the kidneys. The irritated condition of the gut was evidenced for 
ten days by frequent discharges, containing much mucus and blood. This 
state of affairs not only made the retention of the rectal tube painful, but 
seemed to decrease the absorption of water from the intestine. 

There was fever up to 101 F. and a leukocytosis of 20,000 during the 
first week, after which both temperature and leukocyte counts were normal; 
the systolic blood-pressure varied between 100 and 140 mm. of mercury dur- 
ing the whole course of the sickness. 

Due to the conditions mentioned the amount of water taken by mouth 
and absorbed from the intestine was not as large as desired; on May 30, 
900 C.C. were retained and on June 4, the tenth day of the sickness, there were 
noted convulsive tremors involving all the muscles. Later there was a mild 
general convulsion and the patient was in a stuporous state the remainder 
of the day. This was repeated June 7, the thirteenth day of the illness, with 
more severity, although the urine volume had risen to 2,000 c.c. A state of 
semi-coma persisted for two days. As the patient became more conscious 
it was evident that there existed a mild toxic psychosis. On the whole, the 
general condition was regarded as good during the following two weeks, 
and a favorable prognosis was considered because of the improving state of renal 
activity. Vomiting had been a troublesome symptom from the start, but during 
the latter part of June this symptom came more into prominence, until scarcely 
anything was retained in the stomach. Any fluid or food was rejected. The 
patient said, however, that she felt quite comfortable. Hypodermoclysis was 
carried on during this period at intervals. On July 2, 8 liters of saline solu- 
tion were thus given. Glucose was given by enema but evidently not absorbed. 

The patient’s mental condition gradually became more cloudy and stupor- 
ous. For twenty-four hours before death the respiratory movements were 
of quite characteristic air-hunger type. The patient died on the forty-first 
day after taking the mercury. 

Retinal examinations were made on several occasions but no abnormality 
noted. 

The Urine; The amount varied considerably, depending chiefly on fluid 
intake. The average was about a liter a day, with something over two liters 
as the high extreme. There was not evident>at any time an inability to excrete 
water by the kidney. There was no edema and in the last week the response 
to hypodermoclysis was prompt and adequate. The specific gravity of the 
urine was generally low, rising above 1.015 on two days, and on several being 
below 1.005. After the firsj week the amount of albumin was slight and was 
precipitated almost completely by acetic acid in the cold (nucleo-albumin). 
The urine contained considerable pus from a cystitis, and usually erythrocytes; 
but casts of any sort were seldom noted after the first week of the sickness. 
Mercury was found in all specimens of urine examined until June 21, when 
the tests were negative. 

No study of the chlorid or nitrogen metabolism could be carried out since 
the ingest was made uncertain by vomiting and the patient was incontinent 
of urine. Two twenty-four-hour collections of urine secured by means of a 
retention catheter were analyzed; the sodium chlorid was just under 3 grams 
and the nitrogen about 6 grams. While these results are probably too low, 
as some urine was doubtless lost, they do not in themselves suggest a plus 
balance. This is supported in respect to the chlorid by absence of detectable 
edema. Considerable interest attaches itself to renal tests in cases of this 
nature, as the condition presents the essential features of an experimental 
nephritis in a human subject. A number of phenolsulphonephthalein tests 
were made and in none was there recovered a detectable amount of the test- 
substance. 
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Non-protein nitrogen of the blood was estimated three times; on June 10 
it was 225 mg., on the ISth, 209 mg., and on the 26th, 238 mg. Of the last 
figure, 71 per cent. (176 mg.) was urea. 

This history presents some interesting departures from the com- , 
mon course of events in cases of this sort where the duration of life is 
brief. Anuria was at no time a symptom, and when the amount of 
urine fell below normal this was adequately accounted for by a low 
ingestion of fluids. When the water intake was forced there was 
apparently a normal response in output. In contrast again with the 
usual picture are the convulsive seizures, muscular twitchings and the 
toxic psychosis. The stupor and coma that accompanies anuria induced 
by mercury poison in common with anuria from other causes, is so 
uniform in its manifestations that Ascoli separated the syndrome from 
that of uremia under the caption of “urinary poisoning.” The salient 
characteristics in this clinical picture are the progressive lassitude and 
somnolence, gradually deepening into coma as death approaches. These 
are the manifestations notable in dogs after the ligation of the renal 
arteries, and they describe also the nervous symptoms usually evident 
in cases poisoned with mercuric chlorid.^ Convulsions are seldom 
observed and only in the latter hours of life. Of those symptoms 
which are associated with uremia, there were observed in this case, 
besides the evidences of renal disease, epileptiform convulsions, mus- 
cular twitching and a psychosis of the usual toxic type. Whether this 
constitutes uremia must be left undetermined. 

Further consideration must be based on an anatomical study. 

The autopsy disclosed, besides an eroded condition of the lower 
bowel and degenerative changes in the liver, a remarkable nephritis 
which was studied with care from many sections. The following note 
is Dr. Elser’s comment on- the condition observed. 

Examinaiion of Kidneys . — Microscopic examination of the kidneys shows 
dilatation of the tubules of the cortex with extensive degeneration, necrosis 
and desquamation of the lining epithelium. Many of the convoluted tubules 
are more or less completely filled with necrotic material which, in places, is 
the seat of calcific deposits. Some of these masses show srnall colonies of 
bacteria. The interstitial structures are edematous and show, in places, small 
areas of round cell infiltration. Occasional masses consisting entirely of bac- 
teria are found in the vessels and between the convoluted tubules. The fact 
that the surrounding structures reveal no evidences of reaction suggests that 
this represents in a large measure a post mortem development of bacteria. 
The glomeruli are remarkably free from pathologic changes. Slight dilata- 


2. It is of interest that Brauer, in his experimental study of the effects 
induced in the nervous system through poisoning with mercury, mentions 
the symptoms he observed might be explained as uremia. The effects he 
remarked were increased reflexes, ataxia, and paralyses with convulsions as 
a terminal phenomenon. The worst cases of ^ poisoning showed no nerve 
changes. Deutsch. Ztschr. f. Nervenh., 1897, xii, 1. 
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tion of the capsule is seen in places and here and there the epithelial lining 
is swollen and separated from the subjacent structures. Sudan III prepara- 
tions show only traces of fat in the epithelial cells of some of the convoluted 
tubules. 

The lesions enumerated above are those usually encountered in the kidney 
in cases of bichlorid (mercuric chlorid) poisoning. 

The lesions noted are remarkably similar to those induced in ani- 
mals by such poisons as uranium and tartaric acid, in that the damage 
done is borne chiefly by the tubular epithelium. In this case the evi- 
dence of injury was confined more strictly to one structural element — 
tubules — than in any sections showing experimentally induced renal 
lesions that have come to my observation. On this account the large 
non-protein nitrogen of the blood in this case of mercury poisoning is 
of an especial interest, recollecting that it is with uranium nephritis in 
animals that this phenomenon also becomes pronounced. 

The other consideration that arrests attention is the absence of 
tangible evidence pointing toward chlorid and water retention. The 
data available does not permit of conclusion, although the chlorid 
excretion was as large as the estimated ingest. Edema was not mani- 
fest. Considerable water retention may occur, however, before edema 
can be demonstrated, except by weight, and a “dry” chlorid retention 
is well recognized. These reservations seem advisable in view of 
Heinecke’s observation that disturbances of chlorid excretion are 
associated with those poisons which injure the renal tubules.® 

It is not permissible to build deductions from this scanty material, 
but better, perhaps, to regard this case as a straw in the wind of 
evidence. 

515 Park Avenue. 

3. Relevant to the discussion is a case of mild mercuric chlorid poisoning 
reported by Monakow since the above was written. Except during the first 
days of illness, there was no evidence of retention of water or nitrogen. 
There was, however, chlorid retention and later a minus chlorin balance. 
Edema was manifest. The poisoning was slight, as the patient recovered 
without special flushing treatment. Deutsch. Arch. f. klin. Med., 1914, cxv, 227. 
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THE OCULOCARDIAC REFLEX 

AN ELECTROCARDIOGRAPHIC STUDY WITH SPECIAL REFERENCE TO 

- DIFFERENCES BETWEEN RIGHT AND LEFT VAGAL AND OCULAR 
PRESSURES IN TABETICS AND NON-TABETICS * 

SAMUEL A. LEVINE, M.D. 

BOSTON 

INTRODUCTION AND HISTORICAL REVIEW 

In 1908 B. AschneH first observed that pressure on the eyeball 
caused slowing of the pulse and decrease in the depth of respirations. 
He found that it would arouse stuporous, anesthetized and unconscious 
patients, and enable them to respond to questions. He also showed 
that in narcosis the oculocardiac reflex lasts longer than the corneal or 
pupillary reflexes. Grossmann and Miloslavich^ in 1912 made similar 
observations, and Fabre and Petzetakis,^ working six years later than 
Aschner, confirmed the observation that the oculocardiac reflex persists 
even under deep ether or chloroform anesthesia, and can be elicited 
after the corneal reflex has gone. It was demonstrated by Aschner 
that the afferent impulse of the reflex passes through the trigeminal 
nerve to its nucleus in the midbrain, and that the efferent passes by way 
of the pneumogastric nerve. By cutting the third, fourth, sixth, 
seventh or eighth cranial nerves he could not destroy the reflex, but by 
cutting the fifth the reflex was destroyed. He also showed that the 
inhibition of the heart was not due to increased intracranial pressure, 
for the relief of pressure by trephining the skull did not abolish the 
reflex. 

Milian,^ overlooking Aschner’s discovery of five years before, stated 
in 1913 that the phenomenon of pulse-slowing resulting from ocular 
pressure should be called "la signe de Gautrelet" after one of his pupils 
who had been studying this reflex in his hospital for two years. This 

* Submitted for publication Nov. 4, 1914. 

From the Hospital of the Rockefeller Institute for Medical Research, New 
York. 

* This work was done in part under a grant from the Proctor Fund of 
the Harvard Medical School for the study of chronic diseases. 

1. Aschner, B.: Ueber einen bisher noch nicht beschriebenen Reflex vom 
Auge auf Kreislauf und Atmung, Wien. klin. Wchnschr., 1908, xliv, 1529. 

2. Grossmann, J., and Miloslavich, E. : Ueber di? Beeinflussung der Herz- 
tatigkeit durch Bulbusdruck, Wien. klin. Rundschau, 1912, xii, 177. 

3. Fabre and Petzetakis : Persistance du reflex oculo-cardiaque pendant 
I’anesthesie generale, Compt. rend. Soc. de bid., 1914, Lxxyi, 343. 

4. Milian: Du ralentissement du pouls radial au cours de la compression 
oculaire dans la maladie de Basedow, Bull, et mem. Soc. med. d. hop. de Paris, 
1913, No. 14, p. 878. 
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would bring back Gautrelet’s first observation to three years after 
Aschner’s discovery. Milian found that one could obtain the normal 
oculocardiac reflex in a dog breathing normally, whether anesthetized 
or not. But if the thorax were opened and artificial respiration insti- 
tuted, no slowing of the pulse followed ocular pressure, but instead the 
tone of the ventricles was increased. This is the experimental evidence 
for the existence of the reflex and the basis of its mechanism. Many 
reports dealing with it from a clinical aspect have now been published. 

Loeper and Mougeot® investigated the condition of the oculocardiac 
reflex in certain varieties of gastric neurosis, namely, hypervagotonic 
and the hypersympathicotonic. The former are recognized by the 
presence of some of the following symptoms: paleness of the face, 
tendency to myopia, bradycardia, low blood-pressure, moist .skin, 
asthma, gastric hypersecretion, hyperchlorhydria, rapid gastric motility, 
spasmodic constipation, etc. The latter present the opposite set of 
.symptoms. The former react to pilocarpin with sweating and saliva- 
tion, but do not react to epinephrin. The latter do not react to pilo- 
carpin, but react to epinephrin with tachycardia, hypertension and 
glycosuria. They found that the oculocardiac reflex was exaggerated 
in the hypervagotonic cases and diminished or absent in the hyper- 
sympathicptonic. Similar results were obtained in an elaborate investi- 
gation by Gautrelet.® In several instances they claim to have accel- 
erated the pulse rate by ocular pressure, and they explain this unusual 
result by stating that the reflex which is generally conveyed by the 
vagus at times passes over the sympathetic nerve. They consider that 
an individual whose pulse rate is accelerated or slowed more than ten 
beats per minute by pressure is abnormal, in the sense that he belongs 
to one or the other of the two groups named. This is a point to which 
reference will be made again later. 

Lesieur, Vernet, and Petzetakis’’* ® have studied the condition of 
the oculocardiac reflex in epileptics. This reflex, as well as tendon and 

5. Loeper, M., and Mougeot, A. : Le reflexe oculo-cardiaque dans le diag- 
nostic des nevroses gastriques. Bull, et mem. Soc. med. d. hop. de Paris, 1913 
No. 14, p. 865. 

6. Gautrelet, J. : Le reflexe oculo-cardiaque, Paris med., Nov. 29, 1913, 
p. 583. 

7. Lesieur, Ch. : Vernet, M., and Petzetakis: Sur un cas d’arret total du 
coeur par reflexe oculo-cardiaque chez un epileptique, Bull, et mem. Soc. med. 
d. hop. de Paris, 1914, No. 9, p. 394. 

8. Lesuier, Ch., Vernet, M., and Petzetakis; Contribution a I’etude du 
reflexe oculo-cardiaque. Son exageration dans I’epilepsie, les variations sous 
I’influence d’actions medicamenteuses ou toxiques. Bull. et. mem. Soc. med. d. 
hop. de Paris, 1914, No. 9, p. 440. 

9. Lesieur, Ch., Vernet, M., and Petzetakis: Considerations sur les modi- 
fications des reflexes pendant la compression oculaire chez certains epileptiques, 
Bull, et mem. Soc. med. d. hop. de Paris, 1914, No. 11, p. 510. 
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cutaneous reflexes, was found to be exaggerated. In their experience 
it was found that bromid treatment not only lessened the frequency of 
epileptic attacks, but also diminished the oculocardiac reflex by decreas- 
ing vagal irritability. In the same study they, found that the right eye 
responded more strikingly and on slighter pressure than did the Mt. 
Usually, when atropin was injected subcutaneously, it abolished the 
oculocardiac reflex, but ocular pressure continued to inhibit the respira- 
tory motions of the patient just as it did when no atropin was given. 
This they called the oculophrenic reflex. Later, the same authors^® 
found that ocular pressure caused glycosuria in three of their six cases 
of epilepsy. Four showed albuminuria and all had polyuria. This 
reflex, they presumed traveled over the sympathetic nerve and not the 
vagus, because in Claude Bernard’s experiments in which he punctured 
the floor of the fourth ventricle, he observed glycosuria in animals 
when the vagi were divided, but not when all the sympathetic fibers 
were cut. 

Guillain and Dubois,^^ in a case of double athetosis, noticed that the 
athetoid movements of the face, tongue and extremities ceased during 
ocular pressure, but increased during any other medical manipulation. 
Obstinate yawning and hiccough were observed by Loeper and Mile. 
Weifl- to be influenced favorably by ocular pressure. In six cases of 
pseudobulbar paralysis, Guillain and Dubois’-^ found that four had lost 
the oculocardiac reflex, and that the other two responded by an accel- 
eration of the pulse rate. The condition of the oculocardiac reflex in 
various tremors has been studied by Lesieur, Vernet and Petzetakis.^'^ 
Of sixteen cases of Parkinson’s disease the reflex was absent in fifteen. 
Of four cases of multiple sclerosis the reflex was absent in one, 
accelerated in two and normal in one. The reflex was normal in two 
cases of alcoholic tremor and in two cases of senile tremor. Of six 
cases of general paresis the reflex was exaggerated in four and normal 

10. Lesieur, Ch., Vernet, M., and Petzetakis: Glycosurie, albutninurie, 
polyurie provoquees par la compression oculaire, Bull, et mem. Soc. med. d. 
hop. de Paris, 1914, No. 11, p. 515. 

11. Guillain, G., and Dubois, J.: Action inhibitrice de la compression oculaire 
sur les mouvements anormaux dans un cas d’athetose double. Bull, et mem. 
Soc. med. d. hop. de Paris, 1914, No. 16, p. 850. 

12. Loeper, M., and Mile. Weil: Action favorable de la compression oculaire 
sur certaines manifestations nerveuses et en particulier sur le hoquet. Bull, 
et mem. Soc. med. d. hop. de’ Paris, 1914, No. 13, p. 631. 

13. Guillain, G., and Dubois, J.: L’abolition et I’inversion du reflex oculo- 
cardiaque dans les paralysies pseudo-bulbaires, Bull, et mem. Soc. med. . lop. 
de Paris, 1914, No. 12, p. 584. 

14. Lesieur, Ch.: Vernet, M., and Petzetakis: Le reflexe oculo-cardiaquc 
chez les sujets atteints de divers tremblements, Bull, et mem. Soc. mecL d, 
hop. de Paris, 1914, No. 12, p. 593; Reflexe oculo-cardiaque et maladie de Par- 
kinson, Bull, et mem, Soc. med. d. hop. de Paris, 1914, No. 14, p. 599. 
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in two. They concluded that the oculocardiac reflex might aid in deter- 
mining whether a nervous lesion was central or peripheral. It does not 
seem clear, however, how the differentiation is to be made, for a reflex 
may be either exaggerated or destroyed by a lesion of the afferent limb, 
center, or efferent limb of a reflex arc. The condition alone of a reflex 
will scarcely determine the site of a lesion. 

In the study of the reflex in organic diseases of the central nervous 
system, Miloslavich^’^ in 1910 was the first to observe that the reflex 
was absent in tabes dorsalis. Loeper and Mougeot,^®' and Lesieur, 
Vernet and Petzetakis^® have shown that in a majority of such patients 
the pulse rate is either not slowed at all by ocular pressure, or only 
slightly aft'ected. Lesieur, Vernet and Petzetakis found the reflex to 
be absent when the Argyll Robertson phenomenon had not yet devel- 
oped. In syphilis of the nervous system, other than tabes dorsalis, 
Loeper, Mougeot and Vahram^® found that the reflex was also absent in 
thirty of their forty cases.^° None had Argyll Robertson pupils. These 
patients were generally in the tertiary stage. The reflex, then, is lost 
both in tabes and in other syphilitic diseases of the nervous system. 
But there need be no necessary relation between its loss and the pres- 
ence or absence of the Argyll Robertson pupil. Different results were 
obtained in this study concerning the condition of the reflex in syph- 
ilitic patients who are not tabetic. Further reference will be made to 
this later. 

The condition of the reflex in Basedow’s disease has aroused a great 
deal of interest. Grossmann and Miloslavich,^ Milian,'^ Sainton,^^ and 
Lesieur, Vernet and Petzetakis^'^ have shown that it is generally exag- 
gerated in this condition. They attribute this to the hypervagotonicity 
present in these patients. 

15. Miloslavich, E. : Ueber Trigeminus-vagus Reflex, Wien. med. Wchnschr,, 
1910, lx, 3051. 

16. Loeper, M., and Mougeot, A.: L’absence du reflexe oculo-cardiac dans 
le tabes, Progres med., 1913, No. 52, p. 675. 

17. Loeper, M., and Mougeot, A.: Absence frequente du reflexe oculo- 
cardiaque dans le tabes. Bull, et mem. Soc. med. d. hop. de Paris, 1913, No 
39, p. 942. 

18. Lesieur, Ch. : Vernet, M., and Petzetakis: Note sur I’abolition frequente 
du reflexe oculo-cardiaque dans le tabes. Bull, et mem. Soc. med. d. hop de 
Paris, 1914, No. 9, 446. 

19. Loeper, M., Mougeot, A., and Vahram: Abolition frequente du reflexe 
oculocardiaque chez les syphilitiques, Progres med., 1914, No. 14, p. 157. 

20. The authors give no reason why the cases should be considered syphilis 
of the nervous system and not merely tertiary syphilis. They conclude, how- 
ever, that the frequent absence of the oculocardiac reflex is evidence that the 
nervous system is early involved. 

21. Sainton: Le reflexe oculo-cardiaque dans la syndrome de Basedow. Bull 
med., 1913, No. 60, p. 701. 
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The condition of the reflex in tachycardias and bradycardias has 
been studied by Mougeot" and Loeper and Mougeot.^^^ They believe, 
in general, that in tachycardias and in bradycardias of nervous origin, 
the reflex is preserved, while in those of myocardial origin, it is lost. 
They suggest this difference as a method for distinguishing the two. 
Fabre and Petzetakis-^ observed that in the bradycardias occurring 
during the puerperium, ocular pressure caused auriculoventricular dis- 
sociation. Dufour and Legras^'* reported the case of a young woman 
who, having had a miscarriage a few months before, suddenly devel- 
oped hypo-ovarian symptoms ; that is to say, amenorrhea and loss of 
hair. Later she developed hyperthyroidism, indicated by the presence 
of exophthalmos and tachycardia. Epileptiform attacks, due, it is said, 
to cerebrospinal hypertension, supervened. During this time ocular 
pressure caused no slowing of the heart. Later, when the hair began 
to return, the reflex reappeared, so that during ocular pressure complete 
auriculoventricular dissociation took place. No mention was made as 
to which eye caused the dissociation. The authors do not clearly state 
whether the reflex was absent before hyperthyroidism developed, 
during it, or after the symptoms had quieted down. It does not seem 
likely that the occurrence of hyperthyroidism should make the reflex 
disappear. Its absence was more probably due to the hyposecretion of 
the ovaries; for the reflex reappeared when the ovaries functioned 
normallv. 

The influence of drugs on the condition of the reflex has been 
studied by Petzetakis-® and Mougeot.^^ They found that atropin 

22. Mougeot, A. : Tacliycardie paradoxale des hypertendus et reflexe oculo- 
cardiaque, Progres med., 1913, No. 51, p. 663 ; Le reflexe oculo-cardiaque dans 
les tachycardies permanentes sans arythmie, Compt. rend. Soc. de Biol., 1914, 
No. 5, p. 205. 

23. Loeper, M,, and Mougeot, A. : Le reflexe oculo-cardiaque dans le diag- 
nostic de la nature des bradycardies, Compt. rend. Soc. de biol., 1914, No. 3, 

P- 104. \ . . . 

24. Fabre and Petzetakis: De la bradycardie et automatisme ventriculaire 
provoque dans les suites de couches par la compression oculaire, Reunion 
Obstetrical et Gynecologique de Lyon, January 19, 1914, p. 37. 

25. Dufour and Legras: Reflexe oculo-cardiaque provoquant I’arret du coeur. 
I’automatisme ventriculaire et la dissociation auriculo-ventriculaire, Bull, et 
mem. Soc. med. d. hop. de Paris, 1914, No. 14, p. 686. 

26. Petzetakis : L'epreuve de I’atropine, du nitrite d’amyl et de la compression 
oculaire dans les bradycardies totales, Compt. ren. Soc. de biol., 1913, Ixxv, 
p. 677 ; De I’automatisme ventriculaire provoque par la compression oculaire et 
I’atropine dans les bradycardies totales, Compt. rend. Soc. de Biol., 1914, No. 

1, p. 15 ; L’epreuve de la compression oculaire du nitrite d’amyl et de I’atropine 
dans le diagnostic des bradycardies totales d’origin nerveuse, Presse med., 1914, 
No. 17, p. 161 ; Abolition du reflexe oculo-cardiaque par Tatropine ; son e.xager- 
ation par la pilocarpine; sa persistance pendant I’epreuve du nitrite d’amyl, 
Compt. rend. Soc. de biol., 1914, No. 6, p. 247; Le reflexe oculo-cardiaque chez 
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0.02 mg.-® injected subcutaneously abolished the reflex for a period of 
one to three hours. In a small portion of cases atropin exaggerated the 
reflex or excited automatic ventricular beats. These are the cases in 
which atropin retards rather than accelerates the heart rate. Pilo- 
carpin, 0.01 gm. generally exaggerated the reflex. When amyl nitrite 
was given ocular pressure slowed the accelerated heart, but inhibition 
began after a longer latent period than occurs normally. 

Various studies of the effect of the ocular pressure on the mech- 
anism of the heart itself have been made. Mougeot-^ found that the 
reflex was generally not abolished during alternation of the ventricle. 
In some cases of uremia and other intoxications in which ventricular 
alternation was present, the reflex was lost. Its reappearance was 
taken to indicate amelioration in the underlying condition. It has been 
suggested that the loss of the reflex depends on an intoxication of the 
vagus nuclei in the medulla, by means of which the path of the reflex is 
cut. In ten of seventy-five cases, Petzetakis^®’ obtained transient 
dissociation of the auricles and ventricles by ocular pressure. The 
same arhythmia was also observed by Gallavardin, Dufour and 
Petzetakis.®^ No mention was made of any difference between the 
effects produced by pressure on the right and left eyes. A little later 
Petzetakis®- was able to conclude from a study of two cases that pres- 
sure on the left eye is more apt to cause disturbance in auriculo- 
ventricular conduction, while pressure on the right eye has a greater 
influence on rate. His explanation for the difference in effect between 
the two is that the right vagus is more sensitive than the left. He 
found two patients in whom ocular pressure caused partial heart-block 
and later complete auriculoventricular dissociation. The arhythmia 
was prevented from appearing in these cases by the injection of atropin, 
Petzetakis®^ reported one case in which atropin had the reverse effect. 

les sujets normaux non bradycardiques, Bull, et mem. Soc. d. hop. de Paris, 
1914, No. 12, p. 562. 

27. Mougeot, A.; Supression constante par Tatropine de reflexe oculo-cardi- 
aque, Compt. rend. Soc. de biol., 1914, No. 4, p. 162. 

28. This seems to be a small dose. 

29. Mougeot, A.: Le reflexe oculo-cardiaque dans I’alternance ventriculaire, 
Compt. rend. Soc. de biol., 1914, No. 12, p. 541. 

30. Petzetakis: Reflexe oculo-cardiaque et dissociation auriculo-ventriculaire, 
Compt. rend. Soc. de biol., 1914, No. 10, p. 409; Automatisme ventriculaire 
intermittent provoque a Fetat normal. Bull, et mem. Soc. med. d. hop. de Paris 
1914, No. 14, p. 727. 

31. Gallavardin,^ Dufour and Petzetakis: Automatisme ventriculaire inter- 
mittent, spontane ou provoque par la compression oculaire et Finjection 
d’atropine dans les bradycardies totales. Arch, de mal. du coeur, 1914, vii, 1. 

32. Petzetakis: Block auriculo-ventriculaire provoque par la compression 
oculaire. Bull, et mem. Soc. med. d. hop. de Paris, 1914, No. 14, p, 739. 

33. Petzetakis: Uepreuve paradoxale de Fatropine. Son action ralentissante 

sur je rhythme cardiaque. Bull, et mem. Soc. med. hop. de Paris, 1914, No. 
12. 567. ’ 
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In this case the injection slozved the pulse and permitted the appearance 
of the reflex, which had not been present before. In most instances 
diagnoses of the disorders of the heart mechanism were made by means 
of polygraphic tracings. This method does not give conclusive infor- 
mation on some points of cardiac arhythmias, and when the tracings 
are made from patients disturbed by manipulation, they involve some 
doubt. 

Pressure over the vagus nerves in the human subject has been 
studied particularly by Robinson and Draper.^"^ They found that vagal 
pressure caused slowing of the auricles and ventricles and depressed 
conductivity in cases having normal hearts. The Q-B interval, i. e., 
the time between the Q wave in the electrocardiogram and the footpoint 
of the brachial pulse, was sometimes diminished. The right vagus 
had a greater effect on the force and rate of the heart, while the left 
vagus had a more pronounced effect on the conduction of impulses 
from auricles to ventricles. The heart was found to respond more 
quickly to right than to left vagal pressure. Right vagal pressure 
caused an increase in the action current of the ventricles and a 
decrease of the current of the auricles, i. e., the height of the R 
waves was increased and the height of the P waves was diminished. 
Left vagal pressure diminished the height of the R waves, while the 
P waves were unaffected. In cases of auricular fibrillation, vagal 
pressure slowed the ventricles without affecting the auricles. Reference 
will later be made to these results. 

METHOD 

In this investigation, patients were placed in the galvanometer cir- 
cuit, and electrocardiograms were made to serve as controls. An assist- 
ant at the bedside, in continuous telephonic communication with the 
operator at the galvanometer, exerted pressure on the neck, or on the 
eye, as the case might be. Enough pressure was exerted on the neck 
entirely to obliterate the carotid pulse. No accurate measurement of 
the degree of pressure exerted on the eye was possible. An attempt was 
made later to determine the amount of pressure, in millimeters of mer- 
cury, used on the eyes in order to obtain a standard for comparison with 
other observers. As nearly as could be judged, a similar degree of 
pressure was applied to the distended air-tight bag of a blood-pressure 
apparatus. By this method the pressure employed was found to be 
approximately 30 mm. of mercury. The eyelid was first closed and the 

34. Robinson, G. C., and Draper, G. : Action of Vagus Nerve on Human 
Heart, Jour. Exper. Med., 1911, xiv, 217; Studies with the Elect^cardiogram 
on the Action of the Vagus Nerve on the Human Heart, Jour. Exper. Me ., 
1912, XV, 14. 
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operator’s thumb applied under the supraorbital ridge, but not directly 
over the cornea. The pressure on the two eyes was made as nearly ' 
equal as possible. Before pressure was made a strip of curve of seven 
or eight seconds duration was taken. A signal registered the onset of 
pressure on the tracings. Pressure continued for about six or seven 
seconds, the offset being marked by the second signal in the tracing. 
The exposure was continued about eight or ten seconds longer to 
include the return of the heart’s action to normal. In most cases the 
second lead was taken (right arm to left leg), but in some instances 
the first lead (right arm to left arm) was tried, to obtain, if possible, 
more prominent auricular waves. 

Pressure was usually made first on the right vagus, then on the left 
vagus, then on the right eye and last on the left eye. Two records of 
each pressure (eight in all) were obtained. Four minutes were per- 
mitted to elapse between any two pressures, in order to exclude the 
summed influence of one on the succeeding. Occasionally, the left 
vagus was pressed on first and sometimes the left or right eye, to be 
certain to exclude confusion occasioned by fatigue phenomena. The 
same patient was in a few instances examined on two different days,, 
and the order of pressure was reversed. Different degrees of pressure 
were used in the same patient at different times in order to determine 
whether the amount of slowing varied with the intensity of the pres- 
sure. Finally, the symptoms of the patient during pressure were 
recorded. The signs found included flushing of the face, inhibition of 
respirations, expressions of pain and the movements of deglutition, etc. 

PROTOCOLS^^ 

Case 1. — Schoolboy, aged 9 years. He had a rheumatic history. Pupils 
react normally. 

Clinical Diagnosis ; Chorea, rheumatic fever, chronic valvular disease. 

Case 2. — Schoolboy, 11 years old. Pupils react normally. 

Clinical Diagnosis : Chronic endocarditis. 

Case 3. — Clerk, 49 years old. No rheumatic history. Pupils react normally. 

Clinical Diagnosis : Rheumatic fever, myocardial insufficiency, auricular 
fibrillation. 

Case 4. — Printer, 49 years old. No rheumatic history. Pupils equal, oval, 
and react sluggishly to light. Reaction to accommodation is greater and more 
rapid. 

Clinical Diagnosis : Tabes dorsalis. 

Case 5. — Business man, 38 years old. Pupils are equal and react sluggishly 
to light. Both react well in accommodation. 

_ Clinical Diagnosis: Syphilitic aoritis and syphilis of the spinal cord (syphi- 
litic myelitis). 

35. The protocols have been compiled to report the sex, age, occupation, 
previous diseases having a possible influence on the cardiovascular system, the 
state of the pupils at the time of examination, and the clinical diagnosis. 
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Case 6. — Male, 49 years old. Instructor in physical culture. Pupils are 
equal, small, do not react to light, prompt reaction in accommodation. 

Clinical Diagnosis : Tabes dorsalis. 

Case 7.— Coachman, 45 years old. Pupils unequal, right is 2 mm., left is 
5.5 mm. in diameter. Neither reacts to light and both have sluggish reaction 
in accommodation. 

Clinical Diagnosis: Syphilis of the brain and spinal cord (probably early 
paresis or taboparesis). 

Case 8. — Salesman, 46 years old. Pupils unequal, right slightly larger than 
left. Both irregular. React slightly but sharply to light and normally in 
accommodation. 

Clinical Diagnosis: Tabes dorsalis. 

Case 9. — Blacksmith, 58 years old. Rheumatic fever four years ago. Hard 
chancre thirty years ago. Pupils react normally. 

Clinical Diagnosis : Acute rheumatic fever, acute pericarditis, cardiac 
arhythmia, transitory auricular fibrillation, serofibrinous pleurisy and latent 
syphilis. 

Case 10. — Laborer,. 31 years old. Rheumatic fever seven years ago, and 
two attacks since. Pupils react normally. 

Clinical Diagnosis : Chronic valvular disease. 

Case 11. — School girl, 11 years old. Had one attack of rheumatic fever. 
Pupils react normally. 

Clinical Diagnosis : Chronic mitral regurgitation. Chronic cardiac hyper- 
trophy and dilatation. 

Case 12. — School girl, 9 years old. Rheumatic fever five years ago. Pupils 
react normally. 

Clinical Diagnosis : Acute rheumatic fever, chronic valvular disease, mitral 
regurgitation, aortic regurgitation and aortic stenosis. 

Case 13. — School boy, 12 years old. Pupils react normally. 

Clinical Diagnosis : Chronic valvular disease, mitral regurgitation and 
stenosis, chronic cardiac hypertrophy and dilatation. 

Case 14.^^' — Tailor, 30 years old. Right pupil larger than left. Reaction 
to light and accommodation is active in both eyes. 

Clinical Diagnosis : Secondary syphilis, syphilitic periostitis of the frontal 
bone, periostitis of ulna; multiple, gonorrheal, periurethral abscesses. 

Case 15. — School boy, 14 years old. Rheumatic fever. Pupils react 
normally. 

Clinical Diagnosis : Acute rheumatic fever and acute endocarditis. 

Case 16.— School girl, 11 years old.^ Chorea and rheumatic fever. Pupils 
react normally. 

Clinical Diagnosis : Lobar pneumonia. 

Case 17. — Male, 9 years old. School boy. No history of rheumatic fever. 
Pupils react normally. 

Clinical Diagnosis: Lobar pneumonia and empyema. 

Case 18.— Cloakmaker, 40 years old. Pupils slightly dilated and unequal. 
Left is 4.5 mm., right is 4 mm. in diameter. Both irregular and react m 
accommodation but not to light. 

Clinical Diagnosis: Tabes dorsalis. 

Case 19.— Bookkeeper, 63 years old. No history of rheumatic fever. Pupils 
equal and react in accommodation but not to light. 

Clinical Diagnosis : Tabes dorsalis. 


36. Case 14 has been omitted because he began to show signs of early tabes, 
although the oculocardiac reflex was present. 
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Case 20— Electrician, 32 years old. Pupils unequal. Right is twice the size 
of the left. Both react slightly to light and well in accommodation. 

Clinical Diagnosis : Tabes dorsalis. 

Case 21. — Business man, 26 years old. Rheumatic history eight years ago. 
Pupils slightly irregular in outline but react normally. 

Clinical Diagnosis: Secondary syphilis. Syphilis of cerebrospinal meninges. 

Case 22. — Girl, 17 years old. Machine operator. Pupils react normally. 

Clinical Diagnosis : Diabetes mellitus. 

Case 23.— Man, S3 years old. Actor. Pupils are unequal; right 3 mm., 
left 2.25 mm. in diameter. Neither reacts to light, but both react in accommo- 
dation. 

Clinical Diagnosis: Tabes dorsalis. 

Case 24. — Reporter, 34 years old. Pupils are equal, irregular in outline, 
react normally to light and in accommodation. 

Clinical Diagnosis : Secondary syphilis, syphilis of the cerebrospinal 
meninges, syphilis of the auditory and facial nerves. 

Case 25. — Tailor, 53 years old. Pupils equal, slightly irregular, do not 
react to light; both react slightly in accommodation. 

Clinical Diagnosis : Tabes dorsalis. 

Case 26. — Porter, 35 years old. Pupils react normally. 

Clinical Diagnosis : Lobar pneumonia and lung abscesses. 

Case 27. — Boy, 18 years old. Factory hand. Pupils react normally. 

Clinical Diagnosis: Lobar pneumonia. 

Case- 28. — Salesman, 24 years old. Pupils react normally. 

Clinical Diagnosis: Lobar pneumonia. 

Case 29. — Diamond cutter, 60 years old. Had syphilis thirty-eight years 
ago. Pupils are somewhat dilated. Left does not react to light as completely 
and quickly as right. Both react well in accommodation. 

Clinical Diagnosis : Transient heart-block. Syphilis of the heart. 

Case 30. — Farm hand, 26 years old. Pupils react normally. 

Clinical Diagnosis : Acute rheumatic fever, acute myocarditis, lobar pneu- 
monia. 

GENERAL RESULTS AND OBSERVATIONS 

The material for this study consisted of eight cases of tabes dorsalis, 
one case of taboparesis, five cases of syphilis which were non-tabetic, 
nine cases of chronic endocarditis (having a normal rhythm), one case 
of chronic endocarditis with auricular fibrillation, five cases of lobar 
pneumonia, and one case of diabetes mellitus. The five non-tabetic 
syphilitics included two cases of syphilis of the cerebrospinal meninges, 
one of syphilitic myelitis, one of syphilis of the heart, and one patient 
who has been observed during the secondary stage and who now sug- 
gests signs of early tabes. 

The results of ocular and vagus pressure from four (Cases 4, 18, 
20 and 25) of the eight cases of tabes dorsalis are shown in detail in 
figures la-d. Figure la gives the results of right vagus pressure, lb of 
right ocular pressure, Ic of left vagus pressure and Id of left ocular 
pressure. In one instance (Figure Ic, Tracing 157) there is marked 
slowing on vagus pressure. The degree of inhibition of the heart pro- 
duced by vagus pressure was greater in this case than in any of the 
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Figure la 



Figure lb 


Figures 1, 2, 3 and 4 detail the duration (on the ordinate) of every cardiac 
cycle (on the abscissa) calculated from electrocardiograms takeri during a 
given digital (vagal or ocular) pressure. X indicates the onset of pressure, 
the arrow (->) the time of the offset. The figures marked a show the results 
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of right \agub pressure: b, right ocular pressure; c, left \agus pressure; d, left 
ocular pressure. The numbers at the beginnings and ends of the curves 
indicaie. m the accompany, ing table, the patients to whom the records refer. 
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Figure 3b 
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Figure 3c 



Figure 3d 
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other cases (tabetic or non-tabetic.)®^ This is a significant point, because 
although the oculocardiac reflex \^dll be shown to be generally absent in 
tabetics and present in non-tabetics, the greatest degree of slowing 
by direct vagal pressure was obtained in a tabetic. The centrifugal 
path of the reflex was intact. One (Case 6) of the tabetics, whose 
pupils were rigid and did not react to light, developed a moderate 
amount of slowing as a result both of right and left ocular 
pressure. In some of the other tabetics, where the oculocardiac reflex 
was absent, the pupils reacted slightly to light. All the other tabetics 
gave no slowing on ocular pressure. In eight cases of tabes dorsalis, 
then, one showed a moderate oculocardiac reflex whereas it was absent 
in the other seven. There is, also, no exact parallelism between the 
Argyll Robertson reaction and the oculocardiac reflex. There was no 



Figure 4a 

Figure 4. — a and b give the results of pressure in a case (No, 3) ^ of 
auricular fibrillation, before (a) and during (b) the administration of digi- 
talis; a 14 + b201 right vagus; al5 + b208 right eye; 

a 16 + b 202 left vagus ; a 17 + b 209 x x ^x left eye. 

difference in the effect produced by pressure on the two eyes. The only 
change noticed in the electrocardiograms was a slight increase in the 
prominence of the P-waves in two instances on right vagal pressure. 
There was no marked change in the conduction time or in the form of 
the ventricular complex. 

In the second group of cases are included the four syphilitics^^ who 
were iiot tabetic. (Figs. 2a-d.) In three of the four cases, the oculo- 

37. The term non-tabetic is used throughout to include all the cases in the 
series except those of tabes dorsalis. 

38. Case 14, originally included here, has been omitted because he began to 
show signs which may Le those of earl}' tabes, although the oculocardiac rede.x 
was present. 
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cardiac reflex was preserved. The results obtained here differ, there- 
fore, from those obtained by Loeper, Mougeot and Vahram.^® They 
found that in 75 per cent, of their cases of syphilis the oculocardiac 
reflex was absent. The reflex was present in 75 per cent, of the cases in 
this study. In two (Cases 21 and 24) of the four cases (Fig. 2b, Trac- 
ings 166 and 187, and Fig. 2d, Tracings 167 and 183) there was com- 
plete inhibition of the heart for periods ranging from 3.31 seconds to 
10.92 seconds (Fig. 5). In a third case (No. 29) there was a moderate 
amount of slowing, that is to say, a slight reaction. The fourth (Case 5) 
did not react at all to ocular pressure. This case was one of syphilis of 
the spinal cord and syphilitic aortitis. He showed an Argyll Robertson 
pupil, so that it is not at all unlikely that he had early tabes. The slow- 
ing in these cases was more pronounced during pressure on the right 



Figure 4b 


ocular bulb than on the left. There were no changes in the electro- 
cardiograms. In Case 21 an escaped ventricular beat occurred 0.79 
second after the preceding pause of 3.67 seconds. Another long pause 
of 2.40 seconds followed. The escaped ventricular beat was of normal 
form, probably supraventricular in origin. In this case all the waves 
were greatly diminished in height during ocular pressure, so that it was 
difficult to differentiate a ventricular contraction from the oscillations 
that are sometimes observed in electrocardiograms during stimulation 
of the vagus nerves. Case 24 was very sensitive to ocular pressure. 
The pacemaker was entirely inhibited by right ocular pressure for 
10.92 seconds (Fig. 5). Auriculoventricular conduction was lengthened 
considerably during pressure on the left eye. The effect on conduction, 
however, was not limited to pressure on the left eyeball, for the P-R 
time following the pause of 10.92 seconds was 0.24 second. 
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The results of vagal and ocular pressure were also studied in five 
cases of pneumonia (Cases 17, 26, 27, 28, 30). The curves plotted from 
electrocardiograms taken during vagal pressures rose very slightly, that 
is to say, pressure did not slow the heart very much. The curves of 
ocular pressure, on the other hand, rose abruptly after a latent period 
of from one to three beats. This demonstrates strikingly how much 
more efifective ocular pressure is in slowing the heart than direct vagal 
pressure. Another point to be observed is that the pulse rate did not 
drop back to normal after pressure was released, but in fact was still 
quite slow after ten seconds, and in some in.stances after thirty seconds. 
This occurrence emphasizes the importance of waiting between succeed- 
ing pressures on the same patient, to guard against either fatigue phe- 
nomena or summation of stimuli. One of the pneumonia patients, 
Case 17, showed only slight slowing. The reason for this is, probably, 
that not enough pressure was exerted. 

Three (Cases 17, 28 and 30) of the five pneumonia cases showed no 
changes in the form or sequence of the curves, except the slowing. In 
the other two, several interesting changes were observed. In Case 26 
left ocular pressure caused considerable delay in conduction time. In 
places auricular waves cannot be distinguished at all, and yet the ven- 
tricular complexes are of normal contour. The auricular representa- 
tion is iso-electric. 

The last of the pneumonia cases (No. 27) presented varied changes 
during ocular pressure. Figure 8 shows three inverted F-waves, one 
of which was blocked. (Inverted P-waves were seen in one other 
instance during left ocular pressure.) The same tracing showed a con- 
duction time of 0.28 second. On five different occasions left ocular 
pressure caused delayed conduction, the P-R interval rising to 0.24 and 
0..32 second. In none of the four times when the right eye was pressed 
in this case was there any delay in conduction. Figure 6 shows partial 
heart-block as a result of left ocular pressure. Finally, in one instance, 
pressure on the left bulb caused an increase in the height of the 
F-waves, an occurrence observed also by Robinson and Draper*'^ as a 
result of direct pressure on the left vagus nerve. In this case, then, 
right ocular pressure merely slowed the heart and had no effect on con- 
duction. Pressure on the left eye, however, caused ectopic auricular 
contractions, delayed conduction, partial heart-block, and an increase 
in the height of the F-waves. These different effects appeared in the 
same individual under similar circumstances. It seems reasonable to 
believe that the duration and the force of the pressure, which must have 
varied, were important factors in determining the degree of inhibition 
that took place. Just as increasing strengths of faradic currents applied 
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to exposed nerves in experiments on animals are accompanied by 
increasing effects, so may increasing pressures produce increasing 
effects on the rate and on conduction. Mild pressures may slow the 
rate and perhaps slightly affect conduction; slightly greater pressures 
may block auricular beats, and great pressures may stop the heart. 
Under certain circumstances, possibly during removal of the pressure, 
complete auriculoventricular dissociation might occur. It is therefore 
important to standardize the degree and duration of pressure. In 
addition, the resistance offered by the eye is probably a factor involved 
in eliciting the reflex. 

Nine cases of chronic valvular disease (Patients 1, 2, 9, 10, 11, 12, 
13, 15, 16), all of whom had hearts actuated by a normal rhythm, were 
studied. Figures 3a-d show the results in four of them (1, 2, 9 and 
10). Only one (Case 10) of the nine cases had a moderate reaction to 
vagal pressure, while another (Case 1) showed a slight effect. All the 
others were little, if at all, affected by either right or left vagal pressure. 



Fig. 6.— Case 27. Left ocular pressure. Moderate slowing of the heart is 
shown. There is a decrease in the size of the P wave. Conduction time is 
delayed and is gradually increased until an auricular beat is blocked. The P- 
interval following the blocked beat is short, 0.15 second. 

On ocular pressure, eight (Nos. 1, 9, 10, 11, 12, 13, 15 and 16) reacted 
Strikingly, and the other one (No. 2) moderately. The patient (No. 
2) who reacted with moderate slowing was not pressed very vigor- 
ously; he was one of the first patients studied. The first (No. 1) 
patient studied showed no slowing whatever. on moderate ocular pres 
sure, but on greater pressure he had a good reaction. In this case 
P-waves diminished in height during right ocular pressure, and during 
left ocular pressure P-waves were blocked. Left ocular pressure 
caused delayed conduction (P-R interval 0.44 second in one instance). 
Right vagal pressure caused a slight dela}'' in conduction on one occa- 
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sion. There was no noticeable difference on the heart rate between the 
effects of right and left ocular pressure in these cases. 

The results observed in one patient (Case 3) whose heart showed 
the rhythm of auricular fibrillation are included in the study. Observa- 
tions were made before and during the administration of digitalis. 
Figure 4a shows the results of ocular and vagal pressures before digi- 
talis was given. There was no evidence of slowing during pressure. 
Figure 4b, which gives the results after a course of digitalis therapy, 
shows a distinct slowing on preski re. There was no difference in effect 
between the right and left sides or between ocular and vagal pressure 
either before or during digitalis treatment. All other non-tabetic cases 
showed a distinct difference in reaction between ocular and vagal pres- 
.sure. Many of them manifested differences in the effect of pressure on 
the right and left eyes. But here the result was the same whether 
ocular or vagal pressure was exerted or whether it was the left or right 
side that was used. The up and down swings in Figure 4b, Curve 202, 



Figure 6 — Continued. 


are due to three premature ectopic ventricular beats alternating with 
the normal ventricular contractions. There is a striking tendency for 
all normal heart cycles in this chart to be of the same length during 
pressure. Digitalis, it seems, changed the condition of the oculocardiac 
reflex. WenckebaclF'^ and v. HoessliiF*^ have similarly shown that 
digitalis produces a heightening of the efficiency of vagus pressure. 

One case of diabetes mellitus was studied (Case 22). Tracings 
were taken two dift'erent times at an interval of fifteen days. At 
neither time was there more than the slightest slowing either during 
vagal or ocular pressure. There has been no report in the literature 
of the condition of the oculocardiac reflex in this disease. A study 

39. Wenckebach, K. F. : Die Unregelmassige Herztatigkeit und ihre klinische 
Bedeutung, W. Engelmann, Leipzig and Berlin, 1914, p. 172. 

40. Von Hoesslin, H.: Beobachtungen iiber den Einfluss des Vagus auf 
das menschliche Herz, Deutsch. Arch. f. klin. Med., 1914, c.xiii, 537. 



780 


THE ARCHIVES OF INTERNAL MEDICINE 


of more cases is required to decide whether the condition of the reflex 
found in this case is typical. 

The sensations experienced and the objective signs displayed during 
pressure have been studied to determine if differences between tabetics 
and non-tabetics were present, and to see if they were constant. Of the 
thirty patients studied, six had unusual sensations of one kind or 
another (Table 1). The others felt nothing but the pressure and’ the 
pain, when there was any. An examination of Table 1 shows that 
vagus pressure had little effect on either tabetics or non-tabetics. Occa- 
sionally a patient complained of slight pain; very rarely there was 
flushing or inhibition of respiration; on a few occasions the patient 
swallowed during or immediately after pressure. Deglutition might 
very well have resulted from the discomfort of the pressure on the 
neck. Ocular pressure, on the other hand, produced a marked differ- 
ence in the two groups of cases. In the tabetics, three’*- had- a moderate 
amount of pain (marked three had a slight or very slight pain 
(marked v. si.) and three had no pain whatever (marked — ). In five 
cases there was slight flushing and in four none at all. Respiration 
was checked during pressure on only two occasions and at no time was 
there any impulse toward swallowing. In contrast to this are the 
results in non-tabetics. The pain from ocular pressure was quite severe 
in all but two cases. One of these was a case of syphilitic myelitis 
(there is evidence that he is developing tabes), and the second was 
subjected to much lighter pressure than any of the others. There was 
flushing of the face in all but two cases. Respiration was checked in 
fifteen of the twenty cases. It is evident that pain, flushing of the face 
and respiratory inhibition generally occur during ocular pressure in 
non-tabetics, and to a much less extent in tabetics. 

DISCUSSION AND SUMMARY 

The oculocardiac reflex (inhibition of the heart produced by ocular 
pressure) is a normal but variable reflex. The statement that a heart is 
abnormal if its rate is slowed or accelerated by more than ten beats a 
minute, made by Loeper and Mougeot® is not substantiated by the 
observations made in this study. Some individuals normally have a 
more active oculocardiac reflex than others, just as some have more 
active tendon and superficial reflexes. In fact, when the reflex is con- 

41. Since these observations were made, three cases of diabetes in the 
medical wards of the Peter Bent Brigham Hospital ’^vere mves iga e . 
one case the oculocardiac reflex was absent on two different occasion . 

the other two there was a moderate slowing on right ocular pressure, 

none on the left. , 

42. I have included under tabetics Case 7, which is probably a case ot ear > 

tabo-paresis. 



TABLE 1. — Sensations Elicited by Pressure in Tabetics and 

Non-Tabetics 


tabetics 




Vagus 



Eye 



Case 

Pain 

Plush- 

ing 

1 Inhibi- 
tion of 

1 Respi- 
ration 

Deglu- 
j tition 

Pain 

Plush- 

ing 

iDhibi- 
tion of 
Respi- 
ration 

Deglu- 

tition 

Subjective Symptoms 

4 

— 

+ 

! 

— 

+ 

+ 

si. 

— 

— 

Pelt slight pain with ocu- 
lar pressure, especially 
right. 

G . 




— 

*“ 


““ j 


Pelt nothing but the 
pressure. No pain. 

7 





+ 




Slight pain in eyes. Pins 
and needles sensation 
in right eye. 

8 

— 

— 

— 

— 


“ 

— 

— 

Had no other feeling than 
that of pressure. 

18 

— 

— 

+ 

— 

— 

si. 

— 

1 

Merely felt pressure. 

19 

— 

— 

— 

— 

si. 

si. 

+ 

— 

Merely felt pressure. 

20 

— 

-f 

— 

— 

+ 1 

si. 

— 

— 

Pressure on left vagus 
made him feel faint. 

23 


— 

— 


VSl.' 1 

“ 

“ 



1 Pelt nothing except slight 
pain in eyes. 

25 





si. 

1 

si. 



i Pelt very slight pain in 
the eyes. 


B 

■ 

■■ 

■■ 

— 

2 




• • 

3 


si. 


— 

5 

■ 

— 


— 

9 

— 

4- 


— 

10 

— 

j — 

j — 

— 

11 


■ — 

■ 

— 

12 



— 

— 

13 

4- 

4- 

4- 

— 

14 

— 

— 

— 

4- 

15 


— 

— 

— 

16 

— 

— 

— 

— 

17 

+ ' 

— 

— 

— 

21 

rt. 

4- 

rt. 

4- 

! 

_ 

22 

— 

sl. 

— 

— 

24 

— 

— 

1 “ 

1 

— 

26 

— 

— 

— 

— 

27 

— 

— 

— 

— 

2S 


— 

— 

— 

20 

— 

— 

i 


SO 

— 

} _ 

i _ 

— , 


I 


NON-TABETICS 


4- 

4- 

— 

4- 

4-4- 

4- 

— 

— 

4-4- 

4- 

4- 

■ 

4-4- 1 

-f* 

4- 

— 

4-4- 

— 

4- j 

— 

4-4- 

4- 

4- 

— 

4-4- 

4- 

4- 1 

— 

4-4- 

4- 

4- 

— 

4-4- 

4- 

4- 

— 

4-4- 

4- 

4- 

— 

4-4- 

4- 

4- 

— 

4-4- 

4- 

4- 


4-4- 

4- 

4- 

— 

4-4- 

4- 

4- 

— 

4-4- ' 

4- 

4- 

j 

1 

4-4- 

4- 

-f 

— 

-f-4- 

4- 

*r 

— 

-f”!- 1 

4- 

_ 1 

1 

— 

4— i- j 

i 

4- 

i 

j 



Pam in the eyes. 

No record obtained. 

Pelt faint, choking sen- 
sation, cramp in belly 
when eyes were pressed. 

Pelt nothing peculiar. 
(See protocol.) (May 
be tabetic.) 

Pelt nothing but pain 
from pressure on eyes. 

Pelt nothing but pain 
from pressure on eyes. 

Pelt nothing but pain 
from pressure on eyes. 

Pelt nothing but pain 
from pressure on eyes. 

Pelt nothing but pain 
from pressure on eyes. 

Pelt nothing but pain 
from pressure on eyes. 

Pelt nothing but pain 
from pressure on eyes. 

Pelt nothing but pain 
from pressure on eyes. 

Pelt nothing but pain 
from pressure on eyes. 


Pelt nothing but pain 
from pressure on eyes. 

Pelt nothing but pain 
from pressure on eyes. 

Pelt slow electric current 
going through body 
when eyes were pressed. 
It caused him much 
pain. 

Left eye pained more 
than right. 

Left eye pained more 
than right. 

Pelt nausea when right 
eye was pressed, in ad- 
dition to pain. 

Merely felt pain. 

j 

i When right eye was pres- 
! sed right leg felt dead 
i and it lifted itself up 
j from bed. 
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sidered absent there is often a slight inhibition of the heart, as is shown 
by a tendency for the curves in Figures lb and Id to rise during pres- 
sure. It seems highly probable that different effects may be produced 
in the same individual by changing the duration and the degree of 
ocular pressure. This is shown in several cases described in this inves- 
tigation. The comparison which was instituted made it clear that 
inhibition of the heart could much more easily be obtained by ocular 
than by direct vagal pressure. A difference as striking as that which 
has been observed between the two can only be obtained if the eyes are 
pressed quite firmly, causing the patient slight distress. Ocular pres- 
sure brings out disturbances in the heart mechanism which were not 
obtained by direct vagal pressure. 

The reflex was found to be generally absent in tabes dorsalis. ^ The 
cause for this probably is a lesion in the brain itself. Although in all 
the cases of tabes the pupils were inactive to light or reacted sluggishly. 



Figure 7 

Fig. 7.— Case 26. Right ocular pressure. Total inhibition 
periods of 2.27 seconds to 3.65 seconds is shown. T'Waves are J ^ 
t^he ventricular complexes are of normal form. Beat V is an escap 
tricular contraction of normal form. 

there does not seem to be any constant relation between the 
of the Argyll Robertson phenomenon and the loss of the 
reflex. In fact, the only tabetic who had a moderate «ulo arcbac 
reflex, had no pupillary reaction to light whatever. ^ 

tabetics are in accord with the results obtained y P''^ 

tors. Tabetics do not complain of pam on ocular pre . , 3 

extent as non-tabetics, nor do flushing of the face an P' 
during pressure occur to as great a degree as in 
impossible that these reflex phenomena result rom ^ 
pain. Of the five eases of syphilis (Cases a 14 21; 2^ and ‘ 
patients are excluded who might possibly 

Lses 5 and 14, then three, or 100 per cent 1. n norm ^ 


1 1C 
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cent., reacted normally. These results differ decidedly from those of 
Loeper, Moiigeot and Vahram,^® who found the reflex absent in 75 per 
cent, of their cases. One case of diabetes mellitus and one case of 
auricular fibrillation were found to have no oculocardiac reflex. No 
explanation for its absence can be given in the case of the diabetic. 
The patient with auricular fibrillation reacted after he was given 
digitalis. Of all the other cases in this series (including nine cases of 
chronic valvular disease, five of pneumonia, and five of syphilis) only 
one (Case 5) did not have an oculocardiac reflex, and he had signs of 
early tabes. 

In tabetics there was no difference between the effects of pressure 
on the two eyes. In non-tabetics there was a distinct difference. The 
right reflex had a slightly greater effect on auricular contraction.'^® The 
different grades of inhibition caused by right ocular pressure 
were, first, a diminution in the height of the P-waves with only mod- 



Figure 7 — Continued 


erate slowing ; second, disappearance of the P-waves and slowing of the 
rate of the ventricular contractions; third, complete inhibition of all 
the chambers of the heart. Left ocular pressure^ on the other hand, 
may cause similar phenomena, but does not do so as often as right. 
The P-waves frequently could not be identified, but after pressure was 
released they gradually reappeared (Fig. 7). The ventricular repre- 
sentative, R, continued to have a normal form even though the ven- 
tricular rate was reduced. It is impossible in these cases to say whether 
the normal pacemaker was completely inhibited or whether the origin 
of the impulse for ventricular contractions resided in the junctional 
tissue. In most instances the pacemaking function probably continued 
to be at the sinus node. In any case the impulse was supraventricular 
in origin, for the form of the ventricular complexes remained normal. 

43. The greater slowing seen in the charts of pressures on the left side is 
only apparent and not real it depends^ on the blocking of auricular beats 
n hich \\ ere slowed less h\ left than by right sided pressures. Rates, however, 
are counted from ventricular contractions. 
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The change in the mechanism of the heart beat caused particularly by 
left ocular pressure were delayed conduction, partial heart-block and 
inversion of the F-waves. Complete inhibition of all the chambers of 
the heart also occurred. Ectopic ventricular beats occurred in two 
cases during left ocular pressure. Accurate measurements of the 
heights of the P- and i?-waves before and during ocular or vagal pres- 
sure were not made. P-waves diminished in height in many instances 
during both left and right ocular pressure. One case showed a decrease 
in the height of the F-waves even before slowing of the hpart began. 
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Fig. 8. — Case 27. Left ocular pressure. Inhibition of the ventricle is shown. 
Three inverted F-waves occurred one of which was blocked; in the other two 
the P-R time is short. After release from' pressure the P-R time was 0.32 
second. 

Occasionally the height of the F-wave was increased by left ocular 
pressure. 

Differences between right and left oculocardiac reflexes, such as 
were obtained by stimulation of the left and right vagus, were not as 


TABLE 2.— Patients Referred to in the Curves 


Patient 

4 

Patient 

18 

Patient 

20 

Patient 

25 

Patient 

5 

Patient 

21 

Patient 

24 

Patient 

29 

Patient 

2 

Patient 

10 

Patient 

9 

Patient 

1 

Pig. 


• 


Pig. 




Pig. 




la 12 

144 

156 

193 

2a 19 

164 

181 

245 

3a 7 

53 

81 

253 

b 13 

146 

154 

195 

bl8 

166 

187 

251 

b8 

55 

47 

255 

C 12 

145 

157 

194 

cl9 

165 

182 

244 

c7 

54 

SO 

252 

dl3 

147 

155 

196 

dl8 

167 

183 

246 

dS 

66 

43 

254 


definite and striking as those obtained in experiments by Cohn.'*^^ The 
fact that these differences were not so clearly demonstrated in the 
oculocardiac reflex must be due to the more complicated pathway pur- 


44. Cohn, A. E. : On the Differences in the Effects of Stimulation of the Two 
Vagus Nerves on Rate and Conduction of the Dog’s Heart, Jour. Exper. i e ., 
1912, xvi, 732. 
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sued by the impulses through the brain. According to the experiments 
referred to, the right vagus has a greater influence on the pacemaker 
and the left a greater influence on auriculoventricular conduction. The 
difference between pressure on the two eyeballs compares satisfactorily, 
however, with that found by Robinson and Draper^"^ in their vagus 
experiments. 

CONCLUSIONS 

1. Ocular pressure affords a simple and safe method of obtaining 
reflex vagus inhibition of the heart. 

2. Inhibition of the heart by the oculocardiac reflex is much more 
profound and more frequently obtained than by pressure over the 
vagus nerves. 

3. The oculocardiac reflex is generally absent in tabes dorsalis, 
present in pneumonia, syphilis (non-tabetic) and chronic va.lvular 
disease. 

4. The reflex was absent in one case of diabetes mellitus and also 
in one case of auricular fibrillation before digitalis treatment. It was 
present after digitalis was given. 

5. Right ocular pressure has a slightly greater effect on the rate of 
the heart than left. It may stop the heart for a long period of time, 
relatively speaking, the R-waves are sometimes diminished in size and 
may become iso-electric. Occasionally the auriculoventricular interval 
is lengthened. 

6. Left ocular pressure has a much greater effect on the conduction 
mechanism of the heart than right. It may lengthen auriculoventricular 
conduction, cause partial heart-block and result, possibly, in automatic 
ventricular rhythm. On two occasions inverted R-waves were seen. 
The height of the R-waves is sometimes increased, at other times 
diminished. Ectopic ventricular beats were twice observed. The 
R-waves are often diminished in size, but occasionally are increased. 
Escaped ventricular beats were seen both during right and left ocular 
pressure. 

7. Pain, flushing of the face, and apnea during ocular pressure, are 
much less pronounced in tabetics than in non-tabetics. 

S. The effects on the rate and on the rhythm of the heart produced 
by ocular pressures are not constant, differing in different individuals 
and in the same individual from time to time. The duration and the 
degree of pressure play an important part in the degree of inhibition. 

I am greatly indebted to Dr. A. E. Cohn for his help and guidance through- 
out this investigation. I wish to e.xpress my thanks to Dr. Henry A. Christian 
for making this work possible. 

The Hospital of the Rockefeller Institute for :Medical Research. 

Peter Bent Brigham Hospital. 



COARSE AURICULAR FIBRILLATION IN MAN* 


A. W. HEWLETT, M.D., and F. N. WILSON, M.D. 

ANN ARBOR, MICH. 

Faradic stimulation of the auricles of animals may produce any one 
or any combination of the following closely related conditions : 

1. Fine Fibrillation. — ^This may be produced by auricular stimula- 
tion alone, but it is favored by simultaneous stimulation of the right 
vagus nerve.^ During fine fibrillation the auricles appear dilated and 
motionless and from the mechanical point .of view they may be said to 
be paralyzed. Close inspection, however, shows that they are the seat 
of numerous incoordinated contractions involving very small muscle 
bundles. It seems certain that this fine type of fibrillation produces no 
auricular venous waves of any magnitude.^ On the other hand, changes 
in the electrical potential of different portions of the auricular muscu- 
lature may cause distinct movements of the galvanometer string. The 
ventricles, being stimulated irregularly, take on a disorderly rhythm. 

2. Coarse Fibrillation. — No sharp line separates this from the pre- 
vious type and one may therefore speak of auricular fibrillation as 
being more or less coarse. When quite coarse the auricles can be seen 
to execute a series of very rapid, irregular contractions, which can be 
recorded by the myocardiograph.^ These contractions differ from 
normal auricular systoles in that they are incoordinated. The entire 
auricle does not take part in each contraction, and at times wave-like 
peristaltic movements of the muscle may be seen. These auricular 
activities produce movements of the galvanometer string which are 
similar to, though usually coarser than those produced by the fine type 
of fibrillation. According to the experiments of Rothberger and 
Winterberg,'^ and of Lewis,® however, coarse electrical changes are not 

* Submitted for publication Dec. 7, 1914. 

* From Department of Internal Medicine, University of Michigan. 

1. Robinson, G. C. : The Influence of the Vagus Nerves on the Faradized 
Auricles in the Dog’s Heart, Jour. Exper. Med., 1913, xvii, 429. 

2. Rihl, J. : Ueber das Verhalten des Venenpulses bei Flimmern der Vorhofe 
des Saugethierherens mit Riicksicht auf den Venenpulses beim Pulsus irregu- 
laris perpetuus, Ztschr. f. exper. Path. u. Therap., 1910, vii, 693. 

3. Winterberg, H.: Ueber die Wirkung des Nervus vagus und _accelerans 
auf das Flimmern des Herzens, Arch. f. d. ges. Physiol., 1907, cxvii, 2-3. 

4. Rothberger, C. J., and Winterberg, H.: Ueber das Electrokardiogramm 
bei Flimmern der Vorhofe, Arch. f. d. ges. Physiol., 1910, cxxxi, 387. 

5. Lewis, T. : Auricular Fibrillation and Its Relationship to Clinical Irregu- 
larities of the Heart, Heart, 1909-1910, i, 306. 
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necessarily associated with coarse mechanical rnovements. As in the 
fine type of auricular fibrillation, the ventricles are stimulated irregu- 
larly and consequently take on a disorderly rhythm. The effect of 
such coarse auricular fibrillatory movements on the venous pulse seems 
variable. In Lewis’ experiments the ventricular systoles caused the 
principal waves on the venous pulse. On the other hand, it seems 
probable from inspection of the auricular movements, from myocar- 
diograph tracings, and from certain observ'ations on the venous pulse,^’ 
that the auricular movements of coarse fibrillation may at times influ- 
ence the venous pulse to a noteworthy degree. 

3. Auricular Tacky systole ? — Rapid coordinated contractions of 
the auricles may occur as a result of faradic stimulation ; particularly 
when, as in Robinson’s experiments, the faradic stimulus is relatively 
weak and the electrodes are closely approximated. Auricular tachy- 
systole is favored by simultaneous stimulation of the left vagus nerve. 
In Robinson’s experiments the rapid auricular contractions were in 
most cases associated with fine fibrillatory movements of at least a 
portion of the muscle. 

Observations on man have shown that these various types of irregu- 
larity produced by faradic stimulation of the auricles find their counter- 
parts in clinical irregularities. Auricular tachysystole is characterized 
by an extremely rapid auricular rate (200 to 370 per minute).® Auri- 
cular waves are present on the jugular pulse and the ventricles usually 
respond to every second, third or fourth auricular beat. The string 
galvanometer shows a characteristic though abnormal deviation for 
each auricular systole, indicating that all have arisen from a definite 
region of the auricular muscle. The galvanometer records from man 
differ in this respect from those obtained by Robinson when auricular 
tachysystole was produced by faradization ; for in the latter condition 
the deviations of the galvanometer string were much more irregular, 
possibly on account of the associated fibrillation. In man the intimate 

6. Hewlett, A. W. : Auricular Fibrillation Associated with ’Auricular Extra- 
systoles, Heart, 1910, ii, 107. 

7. In this article we have avoided the terra “auricular flutter” because it 

seems to have been used to designate two separate conditions. Auricular 
flutter, as described by clinicians, is a condition in which very rapid, regular 
and coordinated auricular systoles arise from an abnormal but fixed region 
of the auricular muscle. This condition is called auricular tachysystole in 
the present article. Physiologists have used the term “flutter” to designate any 
coarse fluttering movements of the auricles. Some of these are manifestly 
closely related to fibrillation. In that sense the case here reported might be 
regarded as flutter; but we have preferred the term “coarse fibrillatio^n ” in 
order to emphasize the separation from clinical "flutter.” ’ 

S. Ritchie, W. T.: Further Observations on Auricular Flutter, Ouart Tour 
Med., 1913, vii, 1. ~ 
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THE GRAPHIC RECORDS 

The electrocardiograms obtained differed in no essential particular 
from those frequently obtained from patients showing auricular fibril- 
lation. The ventricular contractions, which occurred at irregular 
intervals, showed, as a rule, normal ventricular complexes which were 
interrupted here and there by abnormal complexes due to ectopic beats 
of ventricular origin. Normal P waves were absent, but throughout 
the tracings rather coarse vibrations of the string during diastole, such 
as occur in certain cases of auricular fibrillation, were present. These 
became particularly evident during the longer diastolic pauses of the 
slow heart-rate that developed during his stay in the hospital. These 
undulations occurred at the rate of about 450 per minute. 





Fig. 1. — Electrocardiogram and venous pulse. Lead II (right arm and left 
leg). Sensitivity, 10 mm. equals 1 millivolt. Taken April 10, 1914, before treat- 
ment was begun. The ventricles are absolutely irregular. A single ectopic 
beat of ventricular origin occurs. The venous waves cannot be definitely 
correlated with the ventricular systoles. 

Particular interest is attached to the venous tracings. Instead of a 
well-defined positive ventricular pulse, such as is commonly seen in 
auricular fibrillation, the venous waves occurred irregularly and were 
not readily correlated with the ventricular systoles. During the more 
rapid ventricular rate present in the earlier tracings the venous records 
were not readily analyzed (Fig. 1). When records were obtained 
during the slower heart action, however, it become evident that many 
of the venous waves which occurred during the latter portions of the 
long diastolic pauses could not possibly have been dependent on the 
contractions of the ventricles (Figs. 2, 3 and 4). They were neither 
stasis waves nor the /i waves of Hirschfelder. They must have been 
due, therefore, to the activity of the auricles. We found, furthermore, 
that many of the unusually large waves during ventricular systole bore 
no definite or constant time relation to the systole itself (Figs. 2, 3 
and 4). In our opinion, these waves were produced by auricular con- 
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progressing in different directions over the auricular musculature. The 
separation from tachysystole is also favored by the fact that the ven- 
tricular rhythm was absolutely irregular and that digitalis slowed the 
heart and atropin quickened it, not by sudden jumps from one rate to 
another, but by gradual changes in rate analogous to those produced 
when these drugs are given to patients suffering from the ordinary 
type of auricular fibrillation. 



Fig. 3. — The electrocardiogram and venous pulse. Lead II (right arm and 
left leg). Sensitivity, 10 mm. equals 1 millivolt. Taken shortly after Figure 
2, shows the same characteristics except that R is shorter, and coarser elec- 
trical waves are seen during certain diastoles. The venous waves during the 
systoles bear no definite time relationship to the electrical complexes. 


I 

/ 



Fig. 4.— Electrocardiogram and venous pulse. Lead III (left arm and left 
kg). Sensitivity, 10 mm. equals 1 millivolt. Taken shortly after Fi^rure 3* 
shows the same characteristics, except that the most prominent wave'^of the 
ventricular complex is in the opposite direction. 


It seems to us, therefore, that both by exclusion and by direct 
analogy with animal experiments our tracings are best explained by 
assuming that the auricles were fibrillating in such a coarse manner 
that they produced marked venous waves. This hypothesis explains 
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the rapid auricular rate. The lack of correspondence between venous 
and galvanometer records is explained by the fact that in fibrillation 
the mechanical movements of the auricles and the differences in 
potential between two given portions of the auricular muscle are more 
or less dissociated on account of the local character of the contractions 
and the interference phenomena produced by the simultaneous occur- 
rence of more than one partial contraction. The effects produced by 
digitalis and by atropin were those usually produced by these drugs 
during the ordinary type of auricular fibrillation. 

A word should be said about the method of recording the venous 
pulse, and its possible relation to our records. In making venous 
records we used the usual receiving tambour and air transmission. A 
small mirror was pasted on the recording tambour and a beam of light 
projected from this mirror was photographed on the moving sensitized 
surface. The inherent vibration of the system was 25 to 40 per second, 
a rate much faster than that of the mechanical recorders commonly 
used for the venous pulse, and .sufficiently fast for the accurate repro- 
duction of all but the most sudden venous waves. It might be ques- 
tioned whether, with this more accurate recorder, mechanical evidence 
of auricular fibrillation might not be more frequently obtained than is 
usual on venous records. We suspect that this may be the case, but in 
a limited experience with the method we have found that venous trac- 
ings from the other cases of auricular fibrillation examined showed no 
such prominent waves as in the case here reported. The waves cannot, 
therefore, be attributed to the method used, but are due to peculiarities 
in the activity of the auricles. 

CONCLUSIONS 

1. A case of continuous irregularity is reported in which the venous 
curves were characterized by numerous very rapid and irregular waves 
produced by auricular activity. These waves bore no definite relation- 
ship to the auricular fluctuations of the galvanometer string. 

2. We believe the condition to be one of unusually coarse auricular 
fibrillation. 

1835 Cambridge Road. 
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VARIATIONS IN THE TOXICITY OF CHLOROFORM FOR 

ANESTHESIA* 

WORTH HALE, M.D. 

BOSTON 

In considering the toxicity of chloroform it is necessary to recall 
that a number of chemical processes are involved in its manufacture 
and that, in the various processes, a considerable number of chemical 
substances interact to give chloroform as one of the main products. 
Other products are formed, however, or remain from the mother sub- 
stances which are used in the manufacturing process. The chloroform 
itself, of course, does not differ whether 'it be derived from acetone,^ 
alcohol, methane, carbon tetrachlorid^ or chloral, but there exist on the 
market many grades of chloroform, more or less contaminated with 
by-products of manufacture, in addition to the very best anesthetic 
grades freed from these products by purification, all of which are 
known under the general term “chloroform.” Even chloroform of the 
anesthetic grade, however, is not pure CHCI3, but contains in addition 
a small amount of alcohol (0.6 to 1 per cent, of 95 per cent alcohol). 

It is evident from the foregoing that chloroform, which in itself 
could not have a variable toxicity, might, nevertheless, show such 
variability in even the anesthetic grades, owing to the possible presence 
of impurities derived either from the process of manufacture and sub- 
sequent incomplete purification or from decomposition products in a 
properly purified chloroform. In this connection is to be noted that 
pure CHCI3 undergoes decomposition more rapidly than CHCI3 to 
which a small amount of alcohol has been added, as occurs in the 
anesthetic grades. This introduces other factors, for, while proceeding 
more slowly, decomposition, especially in the presence of sunlight and 
air, occurs between the CFICL, alcohol and trace of water present in 
the alcohol. 

Baskerville and Hamor- have made a careful study of the impurities 
to be found in chloroform and have divided them into two classes to 

Submitted for publication Jan. 19, 1915. 

mvestigation was undertaken at the suggestion of the Therapeutic 
Kcsearch Committee of the American Medical .■\ssociation. 

1. The most important sources of chloroform. 

2. Ba>kerYille and Hamor; Jour. Indust, and Engin. Chem., 1912, iv, 212 
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indicate whether they come from the process of manufacture and 
improper purification or from oxidation products of pure chloroform 
and alcohol. Their study gives the following list of possible impurities : 

A. — Excess water ; excess alcohol ; acetone ; methyl alcohol ; carbon 
tetrachlorid ; tetrachlorethylene, hexachlorethane ; aldehyds, chloral ; 
higher alcohols and compounds; ether; acids (sulphuric, hydrochloric, 
formic, acetic), metallic chlorids; ethyl chlorid; ethylene chlorid; 
ethylidene chlorid; ethyl acetate; oils (“empyreumatic,” “pyrogenous,” 
“chlorinated”) ; fixed and extractive matter. 

B. — Acetaldehyd; acetic and formic acids; carbonyl chlorid (phos- 
gene) ; hydrochloric acid; hydrogen dioxid; chlorin; chlorin derivatives 
of alcohol oxidation products. 

This array of possible impurities appears very formidable, although 
it may be stated at the outset that chloroform of anesthetic grade 
rarely, if ever, contains any of the impurities listed under A. Never- 
theless, commercial chloroform containing some, at -least, of these 
impurities has been used for anesthesia, so that they are of some impor- 
tance. Chemical tests have been devised for their detection, however, 
and all chloroform intended for anesthetic purposes is subjected to 
such tests before being labeled “Imr Anesthesia.” 

Of more importance are the decomposition products which arise in 
properly purified chloroform when improperly stored. These changes 
arise subsequent to the time when chemical tests may be easily applied 
to detect their presence, since the anesthetist cannot very well make 
them. If they increase the toxicity of the chloroform definitely it 
would materially alter the present ratlier lax interest in the quality of 
the chloroform used in anesthesia. 

While it is undoubtedly very desirable to use a chloroform free 
from all impurities and decomposition products, it has never been 
shown with any great degree of certainty that these substances are 
harmful, or at least, when present in mere traces, more harmful than 
pure chloroform. Such a demonstration is fraught with great diffi- 
culties, as is the estimation of the toxicity of any substance present in 
very small amounts in another substance, as chloroform, which in itself 
is markedly toxic. 

Fiegel and Meier,“ however, concluded that narcotic doses of pure 
chloroform had little or no action on the heart or general circulatory 
system and that depression of these organs arose from the impurities 
in chloroform. This, however, is not the current viev/. Schafer and 
Scharlieb"* have pointed out the specific nature of the action of chloro- 

3. Fiegel and Meier: Biochem. Ztschr., 1906, i, 316. 

4. Schafer and Scharlieb : Jour. Physiol. Proc., 1903, ,x.\ix, 17. 
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form on the heart muscle, and Embley and Martin^ have shown that 
such quantities in the blood as result from the administration of from 
1 to 3 per cent, of chloroform vapor in air can paralyze the neuro- 
muscular mechanism of the blood-vessels. 

Of more direct bearing on the subject are the experiments of 
Waller,® who found that purified chloroform was more toxic than the 
concentrated impurities' in chloroform. Likewise, Tunnicliffe,’’ after 
subjecting a good grade- of chloroform to mechanical shaking and after 
exposing it to the direct action of sunlight, conditions under which 
chloroform is known to be rapidly oxidized, found that this chloroform 
did not differ at all from pure chloroform in its action on the heart. 

Other reports such as these might be given, but the foregoing are 
sufficient to show that whatever the toxicity of the impurities in 
chloroform it cannot be very much in excess of that of chloroform, for 
otherwise there would not be such diametrical views. 

This belief is supported also by a review of the toxic properties of 
the various impurities of commercial and anesthetic grades of chloro- 
form. If one reviews the literature as to the toxic properties of the 
impurities given in Lists A and B, it will be found that the majority 
are far less toxic than a similar amount of chloroform. A considerable 
number, even, have been used as general anesthetics without disastrous 
results, although some were used in a considerably greater concentra- 
tion than is considered safe with chloroform. Some are irritants only, 
although it is doubtful if they could possibly produce perceptible irri- 
tation if present only as mere traces. Apparently the two most toxic 
impurities of this sort are those which arise as decomposition products 
of pure chloroform, carbonyl chlorid and chlorin. It seems doubtful 
whether either of these could increase the harmful effects of chloro- 
form materially, especially when considering that their dilution would 
be very great in anesthetic chloroform vapor. 

Lehmann® has shown, however, that 1 part chlorin gas in 100,000 
parts of air, if inhaled for some time, can cause bronchial irritation 
and hemorrhage and inflammation of the lungs. Likewise carbonyl 
chlorid, while probably not so toxic as chlorin, nevertheless has marked 
toxic properties, and both produce irritation of the tissues with which 
they come in contact. Both are said® to affect the anesthetist and those 

5. Embley and Martin: Jour. Physiol., 1905, xxxii, 147. 

6. Waller: Nature, 1907, Ixxvi, 402. 

7. Tui’.niclitie: Pharm. Jour., xviii, 313. 

8. Lehmann: Arch. f. Hyg., 1903, xlvi, 322. 

9. Lee: Liverpool Med. Chir. Jour., 1895, xv, 412. Bu.xton: Brit. Med 
Jour., 1912, i, 5S2. 
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above the patient rather than the patient himself, indicating gases 
lighter than air. 

In view of these considerations, it seems particularly doubtful 
whether animal experiments would add any information indicating 
differences in the toxic properties of chloroform; at least, in that of 
anesthetic grade. Nevertheless, some experiments were undertaken, 
for which purpose four samples of anesthetic chloroform of different 
brands^® were secured in original containers which, together with a 
simple of anesthetic chloroform which had been standing in the labo- 
ratory exposed to the light for at least two years in a half filled white 
glass bottle, comprised the series studied in this report. In the dis- 
cussion of these samples they are to be identified by the numbers from 
1 to 5, of which No. 5 designates the laboratory sample of chloroform. 

In the first series of experiments white mice of the same lot 
(approximately of the same age and weight and fed on the same kind 
of food) were used to determine differences in the toxicity of Chloro- 
forms 1, 2 and 3. The method was the following: 

Two-liter flasks were fitted with tightly fitting stoppers through 
which was passed a thermometer. A mouse was placed in each of 
several flasks and a carefully measured amount of the chloroform in 
question was pipetted directly on a piece of gauze suspended inside the 
flask. The flask was immediately tightly stoppered and the time noted. 
Observations were then continuously made until the animal died, and 
a record was made of the symptoms observed and the time of death. 
The time consumed before the chloroform produced death was taken 
as a measure of its toxicity. Before the flasks were used again for 
further experiments the chloroform vapor was blown out, using com- 
pressed air. The results of these experiments are to be found in 
Tables 1 to 5. 

It is evident from the figures in Tables 1 to 6 that wide variations 
occur not only in the figures of a single series, but also in the averages 
of the different series. Particularly is this true of the averages in 
Series 1, 2 and 3, but Series 4 and 5 show similar variations, although 
the averages are very similar. The discrepancies in the general aver- 
ages of Series 1 to 3 largely disappear, however, when these are aver- 
aged, so that the difference is less marked. Accepting these^ final 
figures as only possibly correct, one has the relation of toxicity as 
follows : 


A. Chloroform 1 
Chloroform 2 

B. Chloroform 1 
Chloroform 3 


16.0 

17.5 

26.62 

26.92 


10. Squibb & Sons, Parke, Davis & Co., IMallinckrodt Chemical Works, and 
Albany Chemical Company. 
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TABLE 1.— Series 1. Dose 0.15 c.c. per 2,000 c.c. Flask 


Mouse 

No. 

Temper- 

ature 

Time Till Death 
Minutes 

Average Time Till 
Death 

i 

Chlor. 1 

Chlor. 2 

Chlor. 

Minutes 

25 

22.5 

13 




26 

24.0 

• • 

37 

1 

18 

27 

24 

* , 

22 


\ 

28 

23.5 

18 




29 

23 

19 




30 

23 


41 



31 

23 


33 

2 

33.25 

32 

23 

23 




33 

23.5 

17 





TABLE 2. — Series 2. Dose 0.2 c.c. per 2,000 _ c.c. Flask 


Mouse 

No. 

Temper- 

ature 

Time Till Death 
Minutes 

Average Time Till 
Death 

Chlor. 1 

Chlor. 2 

Chlor. 

Minutes 

19 

22.5 

16 



» 

20 

22 

8 




21 

24 

6 


1 

10 

22 

23.5 


8 



23 

23.5 


8 



24 

23 

• • 

10 

2 

8.66 


TABLE 3. — Series 3. Dose 0.2 c.c. per 2,000 c.c. Flask 


Mouse 

No. 


Time Till Death 
jNIinutes 


Temper- 

ature 


Average Time Till 
Death 


Chlor. 1 


Chlor. 2 


Chlor. 


2^Iinutes 


62 

63 

64 

65 

69 
71 

66 
67 
6S 

70 


23.5 

23.5 

23.5 

23 

O') 


so.o 

23.5 


24 

23.5 


! 


17 

34 
16 

6 

35 
12 



1 

20 

11 



11 

2 

10.75 

8 


13 

t 





































TABLE 4.— Series 4.- Dose 0.18 c.c. per 2,000 c.c. Flask 


Mouse 

No. 

Temper- 

ature 

Time Till Death 
Minutes 

Average Time Till 
Death 

Chlor. 1 

Chlor. 3 

Chlor. 

Minutes 

1 

.38 

23 





41 

23 





44 

24 

37 




47 

23 

29 


1 

28.5 

50 

23.5 

10 




51 

23.5 

33 




36 

23 


44 



37 

23 


14 



40 

23 


34 



42 

23 ■ 


11 

3 

28.1 

43 

24 


14 



45 

23 


16 



46 

23 


10 



48 

23 


47 



49 

23.5 


17 



52 

23 


47 



53 

23 


55 




TABLE 5. — Series 5. Dose 0.2 c.c. per 2,000 c.c. Flask 


Mouse 

No. 

1 

Temper- 

ature 

Time Till Death 
Minutes 

Average Time Till 
Death 

Chlor. 1 

Chlor. 3 

Chlor. 

Minutes 

54 

23 

30 




56 

22 

22 




57 

22 

12 


1 

24.75 

61 

23 

35 




55 

22 


i3 



58 

23 


30 



59 

22.5 


35 

3 

25.75 

60 

23 


25 




TABLE 6. — Summary of Average Time Till 
Death, Series 1 to 5 



Chloroform 

1 

2 

3 

Series 1 

18.00 

33.25 


Series 2 

10.00 

8.66 


Series 3. . . . 

20.00 



Series 4 

28.5 


28.1 

Series S. . . . 

24.75 


25.75 
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Reducing these figures to a percentage basis and assuming that the 
most toxic of these samples when measured by the rapidity of death 
is 100 per cent., one obtains the following figures ; 


Chloroform 1 100.0 

Chloroform 2 91.4 

Chloroform 3 98.8 


The difference in toxicity shown here of 8.6 and 1.2 per cent, cannot 
be accepted as absolute differences since these figures were derived 
from general averages, the individual figures of which varied so widely. 
They seem more than merely the result of chance, however, and it 
seemed advisable to continue these experiments along somewhat differ- 
ent lines, using a much larger number of animals, so that the law of 
averages would more surely hold good. 


TABLE 7. — Average Time Till Death of Fish 


Sample 

1 

2 

3 

4 

5 

Series 3 

66 

77 

85 

48 

69 

Series 4 

94 

149 

143 

85 

97 

Series 5 

97 

119 

152 

166 

142 

Series 6 

148 

77 

94 

141 


Series 7 

85 

122 

123 

115 

92 

Series 8 

158 

141 

197 

206 

178 

Series 9 

157 

170 

155 

99 

148 

General 






average 

115.0 

122.1 

137.0 

122.8 

119.3 


TABLE 8. — Percentage of Death in Fish Experiment 


Sample 

1 

2 

3 

4 

5 

Series 3. . . . 

100 

80 

90 

80 

70 

Series 4 

60 

60 

60 

60 

70 

Scries 5. . . . 

30 

70 

80 

80 

80 

Series 6 

100 

SO 

80 

90 

90 

Series 7 

70 

90 

90 

80 

60 

Series 8 

80 

70 

80 

70 

60 

Series 9 

60 

40 

70 

80 

90 

.-\veragc . . . 

71.4 

70.0 

78.6 

77.1 

74.3 


A further series of toxicity experiments was devised, small trout 
being used instead of white mice. In these experiments a measured 
amount of the chloroform to be tested was dissolved in water of a 
constant temperature, the chloroform being dissolved by agitation with 
tb.e water in a glass-stoppered measuring flask of appropriate size. 
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A suitably diluted chloroform water after having been prepared in this 
way, was poured into large glass jars and a lot of ten fish added by 
lifting them from the storage tank in a dip net. In all cases, all the 
chloroforms under examination were tested at the same time by allow- 
ing an interval of thirty seconds to intervene between each transfer of 
a given lot of fish to the chloroform water. At varying periods of 
from twelve to forty minutes thereafter the fish were again transferred 
with the dip net from the chloroform water to fresh tap water and the 
time was noted when the fish stopped breathing, as indicated by the 
cessation of gill movements. This was taken as one of the indications 
of toxicity. The other indication was the survival or death of the fish 
of each lot. At first, dilutions of 1 part chloroform to 2,500 parts 
water were tried, but this was found to be too toxic, and later, dilutions 
of 1 part to 8,000 to 10,000 parts water were found to prolong the 
intoxication sufficiently for accurate observation. The results of seven 
series of such experiments with Samples 1 to 5, involving 350 fish, are 
to be found in Tables 7 and 8, in which are given the average time till 
death of such fish as were killed and also the total number of dead in 
each lot. Temperatures and the length of time the fish were in the 
chloroform water are not given, but were always constant with the five 
samples of chloroform for an entire series. 

It will be seen from these tables that here, as in the earlier experi- 
ments on mice, wide variations are to be' found in the figures of indi- 
vidual experiments. Eliminating the results of time till death,^^ how- 
ever, it is noticeable that the differences in the toxicity of the various 
samples of chloroform are not marked, especially when considering the 
wide variations in individual experiments, in which the order of toxicity 
is different for eyery series. It must be concluded on this account, 
then, that this method does not lend itself to a determination o'f the 
extremely slight differences, if any, in the toxicity of anesthetic grades 
of chloroform. This is especially emphasized by the result with 
Chloroform 5, the laboratory sample of chloroform 2 years old, which 
occupied an intermediate place in its toxicity, although it would be 
presumed that this sample would possibly be the most toxic of the five 
samples. 

A final series of experiments on trout was carried out to determine 
whether the toxicity of chloroform could be accentuated by fractional 
distillation. Samples 1 and 5 were chosen for these tests. Each was 
distilled so that three fractions were obtained as follows: below 60 
degrees. Samples Ij and 4,; between 60 and 61 degrees. Samples 2j and 

11. It seems advisable to eliminate these figures in estimating the toxicity of 
a given chloroform as this is not nearly so important as the fact of death itself 
in measuring toxicity. These figures have been introduced into this and a later 
table merely to show the lack of relationship between them. 
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5- ; above 61 degrees, Samples 3i and 6g. The middle fraction, between 
60 and 61 degrees, was in both cases the largest part of the distillate. 
The manner of making the dilutions and of experimentation were the 
same as in the preceding series. The results are to be found in Tables 9 
and 10. 


TABLE 9. — Average Time Till Death in Final Experiments on Trout 


Sample 

lx 

2x 

3x 

4^ 

5. 

6a 

Series 1 

132 

139 

163 

1 

! 


119 

Series 2 

123 

• • * 

98 

117 

125 

88 

Series 3 

59 

65 

84 

76 

79 


Series 4 


90 


98 

97 

77 

Average ... 

104.6 

98.0 

115.0 

97.0 

100.3 

94.6 


TABLE 10. — Percentage of 

Death in Trout 


Sample 

lx 

2. 

1 

mm 

tm 

5^ 

i 

6a 

I 

Series 1 

70 

70 

60 



70 

Series 2 

70 

, , 

90 

90 

100 

90 

Series 3 

90 

80 

80 

80 

80 


Series 4 


70 


70 

80 

90 

Average . . . 

7^ 

73.3 

76.6 

80.0 

86.6 

83.3 


TABLE 11. — Percentage of Toxicity of Chloroform 



Chloroform 


1 

: 2 

3 

4 

5 

Mice 

100.0 

91.4 

98.8 



Trout 

100.0 ! 

98.0 

110.1 

107.9 

104.0 

Trout dis- 

tillates 

100.0 


— 

.... 

110.3 


In this series of experiments also, there is no relation between the 
time till death and the percentage of deaths even in the general 
averages. Taking the percentage of death as a criterion of toxicity, 
however, it appears that Distillate 2 ^, 60 to 61 degrees is the least toxic 
among the distillates from Sample 1, whereas the similar Distillate 5-, 
60 lo 61 degrees, is the most toxic of the distillates from Sample 5, 
13.3 per cent, more deaths resulting from the latter. 





































954 THE ARCHIVES OF INTERNAL MEDICINE 

Another fact developed is that the average toxicity for the distillates 
from Sample 1 is 75.5 per cent. ; for those from Sample 5 it is 83.3 per 
cent., a difference of 7.8 per cent. This becomes particularly interest- 
ing when it is noted that the difference between the original chloro- 
forms before distillation was only 2.9 per cent. This indicates an error 
of 4.9 in the percentage of deaths and shows that, in spite of the wide 
variations in single experiments, the method gives reasonably accurate 
results. It also shows, inasmuch as the differences in the percentage 
of deaths between the various samples of chloroform were found not 
to exceed 8.6 per cent., that there cannot be said to be any certainly 
demonstrable difference in the toxicity of these samples, for errors in 
results would easily account for the differences found. 

A comparison of the toxicity of the five samples of chloroform as 
obtained in the three different methods of experimentation, on the 
basis that the toxicity of Chloroform 1 equals 100 per cent., is given 
in Table 11. 


Harvard Medical School. 



THE RELATION OF THE PURGATIVE ACTION OF MAG- 
NESIUM SULPHATE TO PERISTALSIS, AND 
TPIE GENERAL LAW OF CROSSED 
INNERVATION* 

S. J. MELTZER, M.D. 

NEW YORK 

While the subject I intend to discuss in particular is the inhibitory 
role of magnesium salts in its relation to the production of intestinal 
peristalsis, my chief object is to set forth certain general views I hold 
now, and have held for many years, on the subject of inhibition in 
general and the role which it plays in the mechanism of all sorts of 
movements in the animal organism. I shall begin the discussion of the 
relation of magnesium salts to peristalsis by calling attention to two 
sets of facts which seem to contradict each other. 

It is a well-known and well-established fact that m.agnesium sul- 
phate, or Epsom salts, is one of the most efficient purgatives. There 
have been many discussions as to the cause of the action of saline 
purgatives. According to one view, which has undergone many varia- 
tions in its details, the cause of the purgation consists in the power of 
the saline to bring about an accumulation of liquid within the lumen 
of the intestine. We need not discuss here the nature and origin of 
this liquid. For our purpose it suffices to say that no matter from what 
cause liquid accumulates within the intestine, its mere presence would 
not cause purgation without the mediation of peristaltic movements of 
the intestinal canal. It is a known fact that the presence of large quan- 
tities of liquid within a paralyzed intestine does not lead to evacuation. 
According to another view which in recent years has been brought 
forward again by pupils of Jacques Loeb, the cause of action of certain 
purgative salts consists directly in their ability to stimulate the neuro- 
muscular apparatus of the peristaltic mechanism. According to all 
views, then, peristaltic movements are indispensable for purgation, and 
therefore magnesium sulphate as an efficient purgative is expected to 
increase, or at least not to inhibit, the peristaltic movements of the 
intestines. I hardly need add that under the term peristalsis is gen- 
erally meant a progressive movement of a vermiform character, which 
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in our special case, means a vermiform movement of the gastro- 
intestinal canal running in an aboral direction. 

Now in apparent opposition to the mentioned fact, I have to enum- 
erate a number of observations which were safely established in our 
laboratory in the course of the last few years. In experiments carried 
out by Auer and myself several years ago, in which the behavior of 
the intestines of rabbits was observed in a warm bath of normal saline, 
we found that intravenous injections of magnesium salts stop peristaltic 
movements promptly. Usually not much peristaltic movement of the 
intestines can be seen, when the abdomen of a rabbit is opened. In 
order to observe the effect of magnesium sulphate', peristaltic move- 
ments had to be brought on by artificial means : by intravenous injec- 
tions of sodium sulphate, barium chlorid, physostigmin or ergot, or by 
the destruction of the spinal cord. The peristaltic movements brought 
on by these means were sometimes of a violent character. All these 
peristaltic movements were either completely inhibited, or at least 
greatly reduced, by an intravenous injection of a solution of mag- 
nesium sulphate (or magnesium chlorid). In a later series of experi- 
ments, carried out by Don R. Joseph and myself, a method was 
employed in which the peristaltic movements could be studied in 
animals whose abdomens were closed. At one sitting the abdomen of 
rabbits was opened under proper anesthesia, and catheters, bearing at 
one end a small balloon, were inserted into the lower part of the duo- 
denum and into the stomach; stomach, duodenum and abdomen were 
then properly closed. In the following days the protruding end of each 
catheter was connected with a graphic apparatus and tracings repre- 
senting the peristaltic movements of the stomach and the duodenum 
were obtained. There were in nearly all cases good, spontaneous 
movements of the stomach and the duodenum. We have, then, estab- 
lished beyond a doubt that the action of magnesium sulphate on the 
stomach and the duodenum is, under all circumstances, only of an 
inhibitory character. Whether the peristaltic movements were spon- 
taneous in origin, or were brought about or intensified by barium 
chlorid or other substances, an intravenous injection of magnesium 
sulphate, even in an isotonic concentration, invariably caused an 
im.mediate inhibition, or at least an unmistakable reduction, of the 
persistalsis, lasting for some time after the injection has ceased. 

These experimental results were obtained, as I stated before, by 
intravenous injections of the magnesium salts. I am now in a position 
to state, however, that the same inhibitory results can be readily 
obtained when the magnesium solutions are introduced into the lumen 
of the intestine. Auer and I found that magnesium salts, when intro- 
duced into the lumen of the intestine, are readily absorbed and may 
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cause respiratory paralysis and death of the animals within a short 
time after the injection. Recently I have studied the effect of such a 
direct introduction of magnesium salts into the lumen of the intestine 
on the behavior of the peristaltic movements of the latter. I found that 
the intestine becomes practically paralyzed. I shall mention here one 
striking result. When the trachea of an animal is clamped and the 
animal thus killed by asphyxia, the exposed intestines show more or 
less strong peristaltic movements. When, however, a .solution of mag- 
nesium salts is previously introduced into the lumen of the intestine, 
no part of the gastro-intestinal canal shows movements worth men- 
tioning during or after the asphyxia. 

These various experimental observations show unmistakably that 
magnesium salts, whether given intravenously or introduced into the 
lumen of the intestine, not only do not cause any peristalsis of the intes- 
tine, but positively inhibit it, when it is present. The puzzling question 
which now presents itself is this : If magnesium sulphate causes a sup- 
pression, an inhibition of the, peristaltic movements, and only an inhibi- 
tion, how can it bring on purgation in which, as we have seen above, 
peristaltic movement of the intestine is an indispensable factor ? 

To answer this question I shall have to enter into an analysis of 
inhibition and the role it plays in peristalsis. All know what is meant 
by inhibition. The best known type of it is the phenomenon with which 
all are acquainted ; it is the fact that the stimulation of the end of the 
vagus which goes to the heart stops the beating of that organ. The 
heart is a muscle. A nerve going to a muscle we usually term a motor 
nerve. Stimulation of such a nerve causes contraction of the muscle 
pertaining to it. But stimulation of the end of the vagus which goes 
to the heart stops the heart from beating. That is inhibition. Numer- 
ous other examples and other forms of inhibition are now well known. 
One of them is, that stimulation of the end of the splanchnic nerve 
which goes to the intestines, stops peristalsis of the intestine ; it inhibits 
the peristalsis. Here we have some evidence that the phenomenon of 
inhibition may be connected with ' the peristalsis of the intestines. 
However, the most striking fact that inhibition is actually concerned in 
the peristaltic movements of the digestive tract was made by us thirty- 
four years ago in our studies of the function of deglutition. We then 
first established that after each beginning of a deglutition various parts 
of the. esophagus develope a peristalsis at various intervals, according 
to their distances from the tongue and pharynx. For instance, the 
peristalsis of the cervical part of the esophagus sets in about two 
seconds after the beginning of deglutition ; the esophagus in the upper 
part of the thorax begins to contract about three seconds, the part of 
the esophagus above the diaphragm begins to contract about six 
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seconds, after the deglutition. These data were obtained from observa- 
tions on my own esophagus. We discovered in the course of these 
studies that, when the deglutitions are repeated, say in less than every 
three seconds, the upper part of the thoracic esophagus does not con- 
tract after each deglutition, but only after the last deglutition has taken 
place. The same applies for the cervical as well as the lower part of 
the esophagus. In other words, with each deglutition which sends 
down an impulse for a contraction of the peristalsis, also an inhibitory 
impulse is sent down along the esophagus — for the purpose of inhibit- 
ing. any possible contraction which may be present in any part of the 
esophagus, due to a previous act of deglutition. I may say here that 
each deglutition inhibitis also the presence of a tonus in the esophagus. 
This physiological phenomenon reminds one of the precautions which 
are taken when an express train is sent off; along the entire road 
telegraphic messages are sent, to keep the tracks free. That is the sense 
of the inhibitory wave which runs ahead of the peristaltic contraction 
to keep the track free. 

Some thirty years ago I tried to generalize this point of view, to 
apply it to all functions of the body which require definite movements. 
I stated then, 'that, for instance, for the extension of the leg it is neces- 
sary that the flexors should be inhibited from being contracted simul- 
taneously, or from remaining in a state of tonus. At that time T 
illustrated the actual occurrence of such antagonistic relations by the 
behavior of the function of respiration; during each inspiration the 
contraction of the expiratory muscles is inhibited, and during each 
expiration the diaphragm and other inspiratory muscles are suppressed, 
inhibited. 

I wish to dwell a. little longer on that subject. You probably know 
that these relations of flexors and extensors, as I anticipated them 
many years ago, have been brilliantly studied since 1895 by Sherring- 
ton, who terms the relations of flexors and extensors “reciprocal inner- 
vation.” That designation is for these specific relations proper enough, 
because just as the flexors become inhibited, when the extensors have 
to contract, the extensors also become inhibited when the flexors are 
contracting. It is, then, a truly reciprocal innervation process. But 
when we apply these relations to a canal in which movements go on 
only in one direction, there is, of course, only one-half of this process. 
It is always only the lower part of the canal which has to be relaxe , 
when the upper part is contracting. A true antiperistalsis does not 
exist. In order to comprise all these phenomena under one head, 
term the relations under discussion as “contrary innervation.^ ^ t 
produces simultaneously a contraction in one part and an inhibition m 
another — in the contrary part. That means, two parts which are 
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concerned in a single function are simultaneously innervated in a 
contrary way. The upper part of the canal is contracting in order to 
move the contents downward and the lower part is relaxing in order 
to remove any obstacle to this motion. 

We shall now turn back to the digestive tract. I shall mention here 
first that, on the basis of these considerations, we discovered long ago 
that with each act of deglutition the tonus of ■ the cardia becomes 
inhibited — to open the gate into the stomach for the entrance of the 
contents which are swallowed down. In recent years Joseph and I 
found that during each contraction of the pyloric part of the stomach 
an inhibition of the movements of the duodenum takes place. Cannon 
and Lieb found that during a peristaltic contraction of the esophagus 
a simultaneous relaxation of the stomach makes its appearance. Finally, 
Lyman has observed that the colon becomes motionless and relaxed 
while the material is driven through the ileocolic sphincter by peris- 
talsis in the ileum. All these observations have evidently that one 
background in common, namely, that for the purpose of moving down- 
ward the contents of the gastro-intestinal canal, the distal part of the 
various sections of the canal become inhibited, while the adjoining 
proximal (upper) part of the corresponding section gets into a state 
of contraction — a manifestation of the Law of Contrary Innervation. 

Of greater interest to our problem is the instructive observation 
which was made by Bayliss and Starling some seventeen years ago, 
namely, that a stimulation of the intestines at any place causes a con- 
traction above the point of stimulation and a relaxation or inhibition 
of the part of the intestine below the point of stimulation. Bayliss and 
Starling called this phenomenon the Law of the Intestines. But it is 
evident that this phenomenon is the law not only of the intestines, but 
of the entire digestive canal and that it is, furthermore, a part of the 
phenomenon which I term “Contrary Innervation.” 

The outcome of the foregoing facts under consideration, bearing on 
the intestinal peristalsis, is evidently this : A peristaltic movement does 
not consist merely in a vermiform downward moving contraction; 
peristalsis is made up of two simultaneous phenomena: a contraction 
of the upper part and a relaxation or an inhibition of the lower part of 
the section of the gastro-intestinal canal, engaged in the act of moving 
downward some of its contents. 

Bayliss and Starling have shown that this dual response of the 
intestine to a single stimulus takes place even when the- intestines are 
freed from their extrinsic innervation. They thought that the process 
is of a myogenic origin; but Magnus has shown conclusively that it is 
connected with Auerbach’s plexus, the myenteric plexus, located 
between the longitudinal and circular sheaths of the fibers of the intes- 
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tinal muscularis. We may, therefore, formulate our conclusion in the 
following terms: A stimulation of the myenteric plexus produces 
simultaneously a double effect, a contraction of the muscle fibers above, 
and an inhibition of any contractions below the point of stimulation. 

I shall now turn my attention to the relation of magnesium sulphate 
to the phenomenon of inhibition. About sixteen years ago, when 
studying the effect of intracerebral injection of various salts, I came 
across the following surprising fact: While the injection into the cere- 
brum of many other salts produced - characteristic convulsions, the 
injection of a few drops of a 5 per cent, solution of magnesium sulphate 
caused the rabbit to turn over on one side and remain lying in a state 
of stupor and relaxation. With a long standing interest in the phe- 
nomenon of inhibition it was quite natural for me to interpret the 
stuporous and relaxed condition of the animal as possibly being a state 
of inhibition. In the many studies of the action of salts on the animal 
organism to be found in the physiological and pharmacological litera- 
ture, the effects observed and studied were always those of the exciting 
action of the salts. It was from the point of view that possibly the 
magnesium ion in the body is chiefly concerned in the inhibitory 
processes, that we started our various studies on the effects of mag- 
nesium. It became a working hypothesis ; we had not yet come across 
some definite, weighty facts which are capable of disproving this 
hypothesis. As to the relations of magnesium salts to the gastro- 
intestinal canal, it has been stated before, that in the studies of Auer, 
Joseph and myself no other effect was found but that of inhibition of 
the peristaltic movements of the intestine. • 

We come now to our original question; it is this: On the one hand, 
it is certain that magnesium salts cause purgation, a process in which 
peristalsis must be a factor; on the; other hand, the extensive experi- 
mental studies revealed the unmistakable fact that magnesium salts 
inhibit intestinal peristalsis. How can we reconcile these apparently 
contradictory facts ? , My answer to this question, given merely in^ a 
general way, is this : 1. The phenomenon of peristalsis does not consist 
alone in a contraction of a certain part, but in a contraction of the 
proximal and relaxation of the distal part of a section of the intestine. 

2. The effect of magnesium sulphate on peristalsis may consist chiefly 
in its relation to the inhibitory part of the phenomenon of peristalsis. 

As I have just indicated, my answer to the central question shall be 
of a general character; I am unwilling for the present, to enter on 
definite statements as to how magnesium affects the peristalsis. I ani 
confident that details which I may venture to state now will have to be 
modified by facts which future experimental investigations are sure to 
bring to light. I shall, however, try to continue the analysis by is- 
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cussing briefly a few points which may have some bearing on the 
subject. 

1. We have seen above that a stimulation of any part of the intes- 
tine causes by means of the intrinsic myenteric plexus (and probably 
also by the aid of the extrinsic innervation), a contraction above and a 
relaxation below. How strong the contraction of the part above may 
be and how intense is the inhibition of the part below, and how far it 
may extend, depends on a variety of circumstances. In the first place, 
we must here, as everywhere, distinguish between irritability and stim- 
ulation. Increase of irritability alone can bring out no action without 
the incident of a stimulus. The irritability of the concerned innerva- 
tion may be low or high and may concern the exciting and inhibitory 
phases in various degrees. For instance, magnesium salts may increase 
exclusively or essentially the irritability of the inhibitor}'' phase, while 
other salts, for instance, sodium sulphate, may increase preferably or 
exclusively, the irritability of the exciting phase. There is good reason 
for the assumption that the increase of irritability occurs through the 
circulation; but we have no definite evidence that this may not occur 
also by mere action on the periphery. 

Again, stimulation may affect preferably the exciting phase or the 
inhibitory. But we are rather inclined generally to assume that a 
stimulus affects, as a rule, both the exciting and the inhibitory phases 
simultaneously. We are also inclined to assume that the point of attack 
of a stimulus is to be found at the periphery. But there is no evidence 
against the assumption that stimulation may take place also directly 
through the circulation. We need hardly add that a stimulus may be 
weak or may be strong. 

Taking all these points together, it can be seen at a glance how 
variable the eft'ects of some substances on the intestine may be. With 
a low irritability of certain sections of the intestine, and with a com- 
paratively low stimulus from the periphery, the effect maybe altogether 
circumscript, and the result may be, not peristalsis, but only “segmenta- 
tion,” the effect of each stimulus not being an intense contraction above 
and not an extensive relaxation below. With an increased irritability 
and with a moderately strong stimulus, there may be a fair contraction 
above and a fairly extensive relaxation below, and the result will be a 
per'sistalsis extending over a fairly large section. With a strongly 
increased irritability of both phases and with a strong stimulus, the 
result may be a rapid peristalsis, running through the entire intestine 
within a very short time, a condition which we termed “peristaltic 
rush.” 
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2. A brief discussion of peristaltic rush will not be amiss here. As 
was just stated, by ‘‘peristaltic rush” we designate the phenomenon of 
a rapid peristaltic movement runing downward through the entire 
small intestine within a fraction of a minute. This phenomenon was 
observed for the first time by Van Brani-Houckgeest some forty years 
ago in rabbits dying from asphyxia. He termed it Rollbewegtingen. 
.Several years ago Auer and I succeeded in producing this phenomenon 
practically at will in living rabbits. The method we used consisted in 
injecting intravenously antagonistic substances; that is, one substance 
which favors contractions of the gut, and another which favors the 
inhibition of such contractions ; for instance, ergot and magnesium 
sulphate. 

3. Our experimental studies of the inhibitory effect of magnesium 
salts on peristalsis were, made either by administering magnesium sul- 
phate intravenously or by injecting it into the lumen of the small intes- 
tine. However, when administering magnesium sulphate by mouth 
(as for the purpose of purgation), while the salt passes through the 
stomach it meets with sodium chlorid and some carbonates. It is there- 
fore possible, and even probable, that parts of the magnesium sulphate 
become converted into sodium sulphate and magnesium carbonate. 
Sodium sulphate is soluble and is readily absorbed. From the experi- 
ments of MacCallum and of Auer we know that sodium sulphate when 
given intravenously is apt to bring on some peristalsis. Magnesium 
carbonate is not soluble and remains within the intestine probably 
entirely unabsorbed. We know that magnesium carbonate is capable 
of acting as a purgative. The insoluble carbonate acts possibly within 
the intestine in two ways : on the one hand, it attracts liquid into the 
lumen of the intestine thus distending it, and, on the other hand, the 
carbonate is likely to serve as a chemical stimulus directly on the 
mucosa. At any rate, it is not impossible that that part of the mag- 
nesium sulphate which has been converted into a carbonate acts within 
the intestine as a stimulus calling forth peristaltic movements. On 
the other hand, the part of the magnesium sulphate which is converted 
into sodium sulphate may be the means of increasing the irritability of 
the exciting phase of the peristalsis ; it may serve also as a stimulus to 
the neuromuscular apparatus. The remaining unconverted portion of 
the magnesium sulphate increases the irritability of the inhibitory 
phase of peristalsis. Now we have seen above that by the administra- 
tion of antagonistic substances, that is, substances, one of which 
increases the exciting phase, while the other increases the inhibitory 
phase of peristalsis, are capable of calling forth a “peristaltic rush, 
that is, a peristaltic wave which runs rapidly through the entire small 
intestine within a short time. We can therefore easily conceive that the 
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purgative action of magnesium sulphate, when administered by the 
mouth, results from the fact that a part of it acts by increasing the 
inhibitory phase of peristalsis, while other parts, by being converted 
partly in sodium sulphate and partly into magnesium carbonate, 
increase the irritability of the exciting phase of peristalsis and serve 
as an inciting stimulus to start peristaltic movements. The result is 
the development, after some time, of partial and perhaps complete 
peristaltic rushes. 

I wish to repeat again that I offer this detailed analysis of the action 
of magnesium sulphate merely as a preliminary hypothesis. Future 
experimental work will throw more light on these questions. 

4. In a few words, my general conception of the various effects 
which may result from the simultaneous actions of exciting and inhib- 
itory factors on the functions of the animal body are as follows : The 
resultant effects of the antagonistic actions can be of a threefold nature 
which may be designated as tonus, rhythm and peristalsis. 

1. The resultant effect of the antagonistic actions may be manifest 
at the same place and at the same time. This is a tonus. The degree 
and the character of the tonus depend on the preponderance of one or 
the other factor. 

2. The effect of both antagonistic factors may be manifest at the 
same place, but at different, alternating times. It is then a rhythm; 
contraction alternates with inhibition. 

3. Both effects of the antagonistic factors may be present at the 
same time, but manifest themselves simultaneously in different parts. 
The resultant is then, as far as the intestines and other muscular tubes 
are concerned, a peristalsis; a contraction above and an inhibition 
below. 
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Until the theories of nephritis are reduced to one and until that one 
has been conclusively proved to be correct, continued investigations, 
both clinical and experimental, seem to be demanded. 

These studies in nephritis deal on the one hand, with the accumu- 
lation or retention in the blood of the end-products of protein metab- 
olism and glucose concentration in the blood, and on the other hand, 
with the functional capacity of the kidneys in so far as the latter may 
be determined by the elimination of phenolsulphonephthalein. In short, 
the purpose of this paper is to study : 

1. The relation of protein feeding to nitrogen retention in the blood. 

2. The relation of nitrogen retention to renal function. 

3. The relation of blood-sugar, blood-pressure, phenolsulphone- 
phthalein elimination and nitrogen retention. 

So far as we can ascertain, there have been no studies covering all 
of these phases simultaneously and the possible relationship existing 
between them; though quite recently Folin^ and Frothingham and 
Smillie^ have reported on somewhat similar studies, the latter presenta- 
tion having been published shortly before the completion of this work. 
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I. THE RELATION OF PROTEIN FEEDING TO NITROGEN RETENTION IN 

THE BLOOD 

With but two exceptions, these observations were made on ward 
patients in the University Hospital on the service of Dr. Alfred Stengel. 

To study the effect of the level of protein diets on the retention of 
nitrogen in the blood, we first placed the patient on a diet of about 
2,300 calories, which represented approximately 5 gm. of nitrogen; 
then on a diet of 2,150 calories, corresponding to 12 gm. of nitrogen, 
and finally, on a diet of 2,300 calories or about 18 gm. of nitrogen. 


TABLE 1. — Influence of Protein Feeding on Retention of Nitrogen in 

Blood in Cardiorenal Disease 







Nitrogen per hundred c.c. 
of blood, mg. 

Case 

Diagnosis 

Age 

Sex* 

Date 

Low 

Protein 

Diet 

i Ward 
Diet 

High 

Protein 

Diet 

1. J. H. B. 

Obronic nephritis; chronic 
endocarditis 

39 

cf 

4/1 

23 

' 18 

30.8 

2. J. McW. 

Chronic nephritis; chronic 

I myocarditis 

48 

cf 

1 

4/1 

28 

28 

35.5 

3. J. H. 

Chronic interstitial nephritis; 
chronic myocarditis 

34 

cT 

4/1 

1 .... 

28 

33.6 

4, J. W. 

Chronic nephritis; chronic 
myocarditis 

45 

d 

4/2 

26 

28 i 


5. H. L. 

Chronic interstitial nephritis; 
myocardial weakness; 
arteriosclerosis 

75 

d 

5/9 

26 1 

32 j 

i 

39 

6. A. P. 

Chronic nephritis; chronic 
myocarditis 

49 

d 

6/9 

30 

36 

39 

7. L. S. 

Chronic interstitial nephritis; 
myocardial weakness 

55 

9 

7/21 

23 

30 

37 

1 

8. S. 0. 

Arteriosclerosis 

70 

9 

7/21 

18 

29 

35 

9. P. G. 

Chronic nephritis; chronic 
myocarditis; asthma 

49 

9 

10/19 

29 

28 



* In this and the following tables, d denotes male, and ? female. 


The duration of each period was three days, and in the afternoon of 
the third day the blood was withdrawn from a vein in the arm and 
analyzed according to the recent method of Folin and Farmer® with 
the modification that the ammonia liberated was collected in standard- 
ized fiftieth normal sulphuric acid and titrated with fiftieth normal 
sodium hydroxid. It is generally conceded that by this method normal 
values are those with a total nitrogen of less than 30 mg. per hundred 
c.c. of blood. We found that all but two cases revealed higher figures 
at the end of the high protein diet, as will be seen in Tables 1 and 2, 


3. Folin, O., and Farmer: Jour. Biol. Chem., 1912, xi, 527. 
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which are good illustrations of the influence of protein feeding on the 
retention of nitrogen in nephritics. 

In several cases of pure nephritis of the chronic interstitial type and 
in which there was an increase in non-coagulable nitrogen on a low 
protein diet, there was a striking reduction in tolerance for an increas- 
ing amount of proteid, as was shown by the marked rise in retention 
products as well as by nausea and vomiting in a few cases (Table 2). 
Clinically, these results indicate not only the importance of a low pro- 
teid diet in certain types of nephritis, but they also illustrate the 
advantages of this test for a more accurate diagnosis of these types. 


TABLE 2. — Rise in Retention Products Following Increase in Protein 
Ingestion in Cases of Chronic Interstitial Nephritis 









Nitrogen per hundred c.c. 
of Wood, mg. 


Oflse 


Diagnosis 




Low 

Protein 

Diet 

Ward 

Diet 

High 

Protein 

Diet 

1. 

W. P. 

Chronic 

interstitial nephritis ' 

65 

d ' 

4/1 

26 

33 

40 

2. 

L. L. 

Chronic 

interstitial nephritis ' 

55 1 

? 

4/1 

29 

30 

32 

3. 

B. 

Chronic 

interstitial nephritis 

55 

? 

4/!) 

43 

54 

60 

4. 

G. C. B. 

Chronic 

interstitial nephritis 

40 

s 

2/26 

28 

25 

43 

5. 

M. W. 

' Chronic 

interstitial nephritis 

28 

$ 

5li 

43 . 1 

35 


€, 

Mr. R. 

Chronic 

interstitial nephritis I 

27 

d 

6/15 

67 

88 

92 

7. 

S. R. 

Chronic 

interstitial nephritis 

26 

cf 

6/28 

56 



8. 

E. B. 

Chronic 

interstitial nephritis 

43 

cT 

7/6 

30 

i 46 

56 

9. 

E.H. 

‘ Chronic 

interstitial nephritis 

21 

$ 

7/7 

22 

29 ■ 

37 

10. 

P. P. 

Chronic 

interstitial nephritis 

: 

e 

6/13 

39 

33 

42 

11. 

M. L. 

! Chronic 

interstitial nephritis 

53 

9 

10/1 

30 

37 


12. 

S. B. J. 

j Chronic 

interstitial nephritis 

43 


11/27 

50 




In fact, observations on nitrogen retention are becoming more and 
more frequent in the literature. Macwitz, Rosenberg and Tscherkoff,‘ 
in an exhaustive study of the pathology of nephritis and its functional 
diagnosis by various tests, conclude that nitrogen retention is indicative 
of vascular disease and that, in chronic cases, it is a good index of the 
degree of insufficiency and gives a valuable clue for both prognosis and 
therapy. 

With regard to the influence of chronic passive congestion on 
nitrogen retention in the ‘^cardiorenafl’ symptom-complex, our results 

4. i^Iacwitz, Rosenberg and Tscherkoff: Miinchen. Med. Wchnschr., 1914, 
No. 23, p. 1268. 







TABLE 3. Rksult of Examination of a Series of Cardiorenal Cases 



TABLE 4.— Result ok Tests in Cases of Chronic Interstitial Nephritis with Hypertension 
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confirm those of Rowntree and Fitz,'^ in that there is practically no 
increase in waste nitrogenous products provoked by such congestion 
per se ; although Strauss and Hohlweg® state that this factor is respon- 
sible for a moderate increase in these products. See Tables 1 and 3. 

In our series of cardiorenal cases, in many of which chronic passive 
congestion was very evident, only one presented a rise in blood nitrogen. 
To be of real value in therapy and prognosis, we believe that the test 
should be repeated at intervals, that due consideration should be given 
the time and the amount of 'protein intake, and finally, that each test 
should be accompanied by a determination of the phenolsulphone- 
phthalein elimination. When both the clinical picture and these details 
are observed, the value of the test cannot be disputed. 

In Table 3, it will be noted that of the cardiorenal group investi- 
gated, the absence of retained nitrogen is striking when contrasted with 
Table 4, in which cases of pure chronic interstitial nephritis with hyper- 
tension are considered. In the latter group, eleven out of fourteen 
cases show evidence of retention, and it is this same group in Table 2 
which illustrates a marked reduction in tolerance for proteins as noted 
above. Certain it is that excessive amounts of nitrogen in the blood 
afford an index of renal functional capacity. The significance of these 
results in the pure nephritic cases, however, both from the prognostic 
and therapeutic point of view, will be dealt with later. 

IT. the: relation of nitrogen retention to renal function as 

DETERMINED BY THE PHENOLSULPHONEPHTHALEIN 

elimination 

The technic of the phenolsulphonephthalein test used was that 
originated by Rowntree and Geraghty.' Before discussing the results 
in our three groups of cases, it may be advisable to note certain con- 
ditions under which marked variations in the phthalein output occur. 
These are: 

1. Chronic passive congestion. 

2. Various stages of nephritis. 

3. Hyperpermeability. 

1. Chronic Passive Congestion . — Several workers have shown that 
marked chronic passive congestion greatly decreases the phenolsul- 
phonephthalein output and that as the circulation improves, the output 

5. Rowntree, L. G., and Fitz, R.: Studies of Renal Function in Renal, 
Cardiorenal and Cardiac Diseases, The Archives Int. Med.,' 1913, xi, 258. 

6. Strauss and Hohlweg; Quoted by Rowntree and Fitz, The Archives Tnt 
Med., 1913, xi, 278. 

7. Rowntree and Geraghty: Jour. Pharm. and Exper. Therap., 1910, i, 579. 
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rises if there is no coexisting renal involvement®- ® This fact may well 
be utilized in determining the relative responsibility of heart or kidney 
in the troublesome symptom complex, cardiorenal disease, as successful 
therapy in this condition rests largely on our knowledge of the under- 
lying causative factor. 

2. Various Stages of Nephritis . — Phenolsulphonephthalein elimina- 
tion varies 'during the course of the illness (nephritis), a fact well 
established and one which we have frequently observed. Our most 
striking example of this is Case 4 in Table 5, in which the phenolsul- 
phonephthalein rose from 17 per cent, to 70 per cent, in five weeks, 
and in which there was no marked evidence of cardiac disease. The 
patient’s improvement paralleled this rise. We freely concede that a 
rise as marked as this in so short a time cannot be an index of the actual 
degree of change in renal tissue, but that it is rather an illustration of 
the fluctuation in functional capacity during the course of the illness. 
Thus again, if the phenolsulphonephthalein test is repeated at intervals, 
its value from the point of view of prognosis is evident. We believe 
that too much emphasis should not be laid on one phenolsulphone- 
phthalein elimination, and in the differentiation of nephritis from 
chronic passive congestion, it would seem that a series of both phenol- 
sulphonephthalein and nitrogen tests should be carried out in order to 
reach any definite conclusions. 

3. Hyperpermeability . — In the past year, Pepper and Austin^® have 
called attention to the existence of cases of nephritis in which the 
functional capacity of the kidney is normal or even above normal. 
BaetjeP^ has described such cases and considers that there may be a 
stage in nephritis when hyperpermeability exists at least to phenolsul- 
phonephthalein and some other substances. We have also noted a few 
cases, but so far the opportunity for serial studies of them has not 
been presented. It may be that this so-called hyperpermeability is 
merely an illustration of the possible existence of damaged kidneys 
with normal functional capacity, at least for some substances. Cases of 
this type are usually accompanied by chlorid retention. 

In our series of pure nephritis of the chronic interstitial type, 
several interesting facts may be noted (see Table 4). Nearly every 
case showed retention of nitrogen, decreased phenolsulphonephthalein 
elimination and high blood-pressure, while the blood-sugar was slightly 

8. Farr, C. B., and Austin, J. H. : Jour. Exper. Med., 1913, xviii, 228. 

9. Rowntree, L. G., Fitz, R., and Geraghty, J. T.: The Effects of Experi- 
mental Chronic Passive Congestion on Renal Function, The Archives Int. 
Med., 1913, xi, 121. 

10. Pepper and Austin: Am. Jour. Med. Sc., 1913, cxlv, 254. 

11. Baetjer, Walter A.: Superpermeability in Nephritis, The Archives Int. 
Med., 1913, xi, 593. 




*At necropsy the kidneys were found to bo sccondurily contracted. 
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above normal in six of the fourteen cases studied. It should be noted 
that nine of these fifteen patients ranged from 26 to 43 years of age, 
and, that the prognosis was grave in most instances. 

Less striking results were obtained in a series of cardiorenal cases 
as will be seen in Table 3. One case gave evidence of nitrogen reten- 
tion while the phenolsulphonephthalein varied from 8 per cent, to 45 
per cent. The blood pressure was high in three cases, as was the 
blood sugar. 

The series of cases of chronic parenchymatous nephritis shown in 
Table 5 is too short to permit of definite conclusions. 

III. THE RELATION OF BLOOD-SUGAR, NITROGEN RETENTION, PHENOL- 
SULPHONEPHTHALEIN ELIMINATION AND HIGH 
BLOOD PRESSURE 

The question of hyperglycemia in high-pressure nephritis is of con- 
siderable theoretical interest. Since Neubauer^^ first called attention, 
to this, several workers have confirmed his findings while a few have 
failed to do so. Thus the present status of blood-sugar concentration 
in nephritis may be regarded as one of the many points at issue and 
for that reason is included in these studies. The blood-sugar was 
determined by the micro method of Bang’^^ in which a small amount of 
blood is required for each test. The blood is obtained by finger punc- 
ture, which insures simplicity and the elimination of unnecessary dis- 
comfort to the patient. All food was withheld from the patient for at 
least six hours before the blood was withdrawn. Normal figures by 
this method lie between 0.06 and 0.1 per cent. 

In a former publication, one of us (Hopkins’^'^) reported on a study 
of the blood-sugar in twenty-eight cases of nephritis. Briefly stated, 
the conclusions to be drawn from that work and the cases here pre- 
sented are as follows : 

A slight hyperglycemia occurs in many high-pressure nephritics and 
frequently in those with low phenolsulphonephthalein elimination 
(Table 4). There is no relation between the height of the blood pres- 
sure and the degree of hyperglycemia. In most nephritics without high 
pressure, the blood-sugar is normal. Edema and hepatic congestion 
do not seem to influence the concentration of blood-sugar (Tables 3 
and 4) . 

Of the eight cases in this series which showed a retention of over 
40 mg. of nitrogen, four gave an elevation in blood-sugar. This con- . 

12. Neubauer: Biochem. Ztschr., 1910, xxv, 284. 

13. Bang, I. : Der Blutzucker, Wiesbaden, 1913. 

14. Hopkins, A. H.: Am. Jour. Med. Sc., 1915, cxlix, 254. 
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firms the recent work of Borchardt and Bennigson,^^ who also found 
nitrogen retention a frequent accompaniment of hyperglycemia. 

Of the eight cases in which two or three estimations of blood-sugar 
were made after the various periods of protein feeding, no constant 
changes were noted. . 

Alimentary hyperglycemia was pronounced in three out of four 
cases in which 100 gm. of glucose were fed by mouth and serial tests 
of blood-sugar made each half hour for several hours. 

CONCLUSIONS 

1. Protein feeding in nephritis has a direct influence on the reten- 
tion of nitrogen in the blood. This is most pronounced in the pure 
chronic interstitial type with hypertension. 

2. The estimation of retention by blood analysis is of definite 
clinical value from the point of view of therapy, and though this series 
is too limited to permit of definite conclusions with regard to its prog- 
nostic value, our findings so far confirm those of other workers who 
advocate its usefulness in this field. 

3. Chronic passive congestion does not cause an increase of waste 
nitrogenous products in the blood. 

4. In the presence of nitrogen retention, the phenolsulphone- 
phthalein output is usually low and the blood pressure frequently high. 

5. Chronic passive congestion may greatly impair the phenolsul- 
phonephthalein output. Variation in the elimination of this dye may 
also be noted in different stages of nephritis, and in cases with "hyper- 
permeability.” 

6. To be of value, the nitrogen retention and phenolsulphone- 
phthalein tests should be repeated at intervals, the value of the former 
being increased when combined with clinical observations of the 
patient, diet, etc. 

7. A slight hyperglycemia occurs in many high-pressure nephritics 
and frequently in those with retention of nitrogen and impaired phenol- 
sulphonephthalein elimination. 

15. Borchardt, L., and Bennigson, W. ; Miinchen. Med. Wchnschr., October 
1913, p. 2275. 



A STUDY OF GENERAL AND LOCALIZED EFFECTS OF 
INTRAVENOUS INJECTIONS OF COLLOIDAL 
COPPER AND CASEIN IN CASES 
OF HUMAN CANCER* 

C. B. McCLURG, M.D., W. O. SWEEK, M.D., H. N. LYON, M.D. 
M. S. FLEISHER, M.D., and LEO LOEB, M.D. 

ST. LOUIS 


I. INTRODUCTION 

In several brief communications^ we published previously our 
observations on the effect of intravenous injection of colloidal copper 
in patients suffering from cancer. We also referred to experiments in 
which we used solutions of casein. We limited ourselves on those 
occasions to a brief report of some of our conclusions and referred to 
our future more detailed publication for a discussion of various results 
and problems of which we could not treat in our preliminary notes. In 
the following more complete report we shall especially analyze the 
relation between various sets of general and local effects of the injec- 
tion of colloidal copper and casein, and the effect of these substances 
on the tumors. We shall compare the actions of solutions of colloidal 
copper with those of casein, and the . effect of these substances in 
patients and in animals inoculated with carcinoma. 

Our investigations were the outcome of preceding studies on the 
action of various sets of substances on animal tumors." We wish here 
only to refer to a few of our results. We found that various sets of 
substances, as colloidal metals, certain protein substances and herudin, 
cause an inhibition or retardation, and in some cases a retrogression, 
of a certain number of tumors. Through a combination of several 
substances the effect of a single substance could be much increased. 
The efficacy of these substances depended especially on the age of the 
tumors, very young tumors being much more resistant to an inhibiting 
effect. Of special interest seemed to us the proof that repeated injec 
tions of these substances call forth in the injected animals processes of 
reaction against the injected substance. 

These reactions have a double origin, being dependent on changes 
taking place (1) in the organism of the injected animal, and (2) m 


=** Submitted for publication Nov. 6, 1914. , - t 

1. Interstate l^led. Jour., 1912, .xix. No. 12; 1913, xx. Nos. 1 and o; Jou . 


Am. Med. Assn., 1913, lx, 1857. lo;?. 

2. Loeb, Leo, and Fleisher, M. S. : Jour. Am. ?kled. Assn., 1913, lx, 18a/ , 
Fleisher, Jkl. S., and Loeb, Leo; Jour. Exper. Med., 1914, x.x, .\o. b. 
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the tumor cells themselves. Thus an immunity of double origin 
becomes established. The immunity dependent on changes in the tumor 
cells can be transmitted to successive generations of tumor cells. The 
immunity thus established tends to prevent the continued effect of the 
various substances and to make it transitory. The immunity is a 
specific one; animals and tumors immunized against colloidal copper 
are immune against colloidal copper, but not against herudin and 
vice versa. ^ 

We had intended to limit our work entirely to animal tumors, being 
doubtful as to whether animal experiments had advanced sufficiently 
to permit an extension to the field of human cancer, and it was only at 
the urgent request of physicians that we undertook our work on 
patients. While in the course of this work we observed marked 
improvement in the case of some' patients, Ave stated from the begin- 
ning that our work was of an entirely experimental character, and we 
warned against its use in general practice, and very soon afterward 
we expressed the opinion that even in the most favorable cases a cure 
could not be expected through this kind of treatment. 

While we thus rated the significance of these experiments from the 
point of view of direct applicability in the treatment of cancer as not 
very high, we believe that from the point of view of theoretical interest 
our observations make a more detailed publication advisable. 

2. METHOD OF PREPARATION OF THE SOLUTION OF 
COLLOIDAL COPPER AND OF CASEIN AND 
TECHNIC OF INJECTION 

For the preparation of colloidal copper we employed Bredig’s method, at 
first, however, making use of an alternating current. Later we used a pulsat- 
ing direct current obtained by means of a mercury arc rectifier. This passes 
through twenty-three large lamps of 32-candle power and five small lamps of 
16-candle power; the wires terminate in copper electrodes 4 mm. in diameter. 
These are inserted into a beaker containing 1,500 to 2,000 c.c. of water, twice 
distilled. The water is first boiled to expel air and used after it has cooled. 
We used a current of 60 volts and from 16 to 18 amperes. The two electrodes 
are first brought into contact with each other and then gradually separated so 
that a spark is drawn out. When the passing of the spark stops, it is neces- 
sary to touch the wires again, separating them afterward gradually. This 
must be repeated again and again. We find it very convenient to attach one 
wire to an electric bell which keeps oscillating and drawing out sparks con- 
tinuously. It is best to steam the beakers before using them the first time. 


3. The possibility of an immunity against the action of the injected sub- 
stances acquired through a relatively limited number of injections had been 
foreseen at an early stage of our work, and determined to a great extent the 
plan of our experiments. The same possibility we had in mind when we under- 
took our experiments on human cases and I expressed repeatedly in the begin- 
ning of our work the opinion that processes of immunization might prevent a 
continued efficiency of substances even in those cases which at first seemed 
to be beneficially influenced; I warned, on the basis of these considerations, 
against drawing definite conclusions as to the effect of these substances. Loeh. 
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The copper wires must be cleaned each time with sandpaper before they are 
ready for use. 

PvcpG) Gtiou of Vcivious CcLscUi Solutions, — ^We used different casein prepara- 
tions, purified as well as non-purified preparations. Into some casein solutions 
sulphur was introduced, with a view of possibly increasing the efficiency of 
the preparation. The effects of the various solutions were, in the main, due 
to the presence of the casein. Solutions prepared with’ commercial (impure) 
casein showed approximately the same effects as solutions prepared with puri- 
fied casein. Addition of flowers of sulphur did not essentially modify the 
character of the solution. Solutions, however, into which sulphur had been 
introduced in the- form of hydrogen sulphid (Solution 4 and Solutions 4, 16 
and 13) were often more poisonous; it is probable that in such cases small 
quantities of hydrogen sulphid were left in the solution and caused some of 
the complications which were occasionally observed. The majority of the solu- 
tions contained about 1 to per cent, casein. 

Technic of Injection, — The technic used in giving intravenous injections of 
colloidal copper and casein is about the same as that used for injecting salvar- 
san, except that in the case of colloidal copper and casein it is unnecessary to 
use normal salt solution either in the beginning or at the, end of the injec- 
tion. A No. 24 Burroughs-Wellcome needle was generally used in our work. 
We used a pressure apparatus^ which eliminated all waste 'of time and enabled 
the operator to inject as many as twenty- three patients in six hours, two 
patients being injected at the same time. This apparatus consisted of a reser- 
voir containing the solution to be injected, two dosage containers and a drum 
for compressed air. The amount of pressure was regulated by a mercury man- 
ometer. The fluid in the dosage containers was kept at a constant temperature 
by an electric stove regulated by a thermostat, which kept the temperature con- 
stant within one-fifteenth of a degree. 'With this apparatus we were able to 
keep temperature and pressure constant. The pressure we used depended on 
the way the patient stood the injection, on the size of the veins and on the' 
amount of fluid to be injected, and was regulated accordingly. 

3. EFFECT OF THE INJECTIONS OF COLLOIDAL COPPER 

AND OF CASEIN ON THE VEINS 

It is of practical as well as theoretical interest to analyze the effect 
of the injections of casein and colloidal copper on the walls of the 
veins with which the injected fluid came into contact after injection. 

We consider especially here the pathological changes taking place 
in the injected veins. The following facts concerning these changes 
may prove of interest: 

1. Injections of casein solutions were tolerated by almost all 
patients without any resulting changes in the veins. In two cases, 
however, even the casein had an injurious effect on the veins; both of 
these cases were in old men, in whom also the colloidal copper had a 
very marked effect on the veins. In contradistinction to casein, the 
injection of colloidal copper caused some changes — sometimes very 
slight and transitory, sometimes very marked and permanent in the 
majority of patients. We may therefore conclude that colloidal copper, 

4. This apparatus was devised by Dr. W. O. Sweek and made by F. F. 
Dietz. 
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and probably also other colloidal metals, cause, in contact with the wall 
of the veins, pathological changes. 

2. In general we can say that the more intimate the contact of the 
colloidal particles of metal with the wall of the vein, the more marked 
were the changes. 

3. The frequency with which a vein could in the same area be 
injected with the colloidal copper differed very much in different indi- 
viduals. In general we can state that frequent repetition of the injec- 
tions, therefore of the action of colloidal copper, leads to changes, even 
in cases in which a single injection is without apparent effect. The 
time required for an affected vein to enable it to return again to its 
approximately normal condition differed in the case of different 
individuals. 

We may assume that in every case some changes take place in the 
wall of the vein as a result of the contact with the colloidal copper. 
In some cases, however, they are very marked, while in others they are 
very slight. But even in the latter frequent repetition of the injections 
at a time when the vein had not yet resumed its normal condition leads 
to a summation of the pathological changes. 

4. The changes themselves consist evidently in an injury to the 
endothelial cells, which makes the latter more permeable to fluid con- 
stituents of the blood. Fluid parts of the blood are therefore liable to 
infiltrate the vessel-wall and the neighboring tissue and make the vein 
hard and swollen. It is also probable that some of the colloidal par- 
ticles of copper in some cases enter and irritate the surrounding tissue 
and then cause a dilatation of the vasa vasorum, thus producing red- 
ness of the area surrounding the vessel-wall. Occasionally, the per- 
meability of the vessel-wall may become so markedly increased - that 
edema of a part of the injected extremity follows. Colloidal copper 
acts, therefore, in this case similarly to certain substances which are 
supposed to cause, after intravenous injection, edema as a result of 
injury of the endothelium (as for instance arsenic preparations). 

5. It is of great interest that the reaction of the vascular endo- 
thelium to injurious influences seems to depend on a sensitiveness 
variable in different individuals. Even if we allow for differences in 
the size of the veins, in the rapidity of the flow of the solution in the 
vessels, in age and general condition of health of the person, there 
remains usually a factor which points to individual differences. On 
the whole the veins of strong men are usually more resistant to the 
injurious effect of the colloidal copper than the veins of emaciated and 
weak patients ; but we found strong men with large veins whose veins 
proved very sensitive toward the contact with colloidal copper, and, 
while weak and emaciated women have usually less resistant veins 
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than strong young women, some old and emaciated patients had 
resistant veins. In addition, it is probable that a kind of work leading 
to marked development of the muscles of the arms tends to make the 
veins more resistant. Two persons v/hose veins had been most resistant 
to the action of colloidal copper had both been blacksmiths. 

4. GENERAL EFFECTS OF THE INJECTIONS OF COLLOIDAL 

COPPER AND CASEIN 


I. QUANTITIES INJECTED 

We started usually with relatively small doses of colloidal coppei 
and of casein and gradually increased the quantities injected, using 
the general reactions following the injection as an indicator of the 
rate at which the dose could be increased. The first dose was usually 
100 or 150’ c.c. of colloidal copper and in the majority of cases it was 
<rradually raised to 400 c.c.; in some cases much larger doses were 
injected. The time when the dose of 400 c.c. was reached varied m 
different cases. If the dose was rapidiy advanced it couid be reached 
at the time of the fifth injection ; in other cases it was reached between 
the eighth and tweifth injections. The nnmber of injections given in 
different cases varied in the majority of cases between twenty-five and 
seventy-three. In some cases only a total of from thirteen to sixt in, 
injections was given. Usnaiiy four or five, in one case three ton , 

injections were given each week. . . .l- n 

In most cases in which casein was nsed the ‘ 

preceding series of injections of colloidal copper; but be^een the 
casein injections there was nsnally interspersed a ^ ’ ■’ 

number of injections of colloidal copper; sometimes ^ f 
ioidal copper injections was directly followed by a ^ 

only in the later period of the casein injections 
colloidal copper again interspersed among t e ^ j 

some cases the initial series of copper injections 
than twenty-five, in other cases of only five 

of copper injections interspersed with t o.,>, o ca casein 

different cases. In one case there was first gi j alternatinglv 
injections and later some copper injection.^ 

with the casein injections. The amount o jn the later 

tion varied much in different cases. speci ^ , , ■ somewhere 

period in our work we chose very sma ^ im earlier period, 

between 2 and 5 c.c. In other cases ^f,l^dose\ in 

as much- as from 11 to 25 c.c. were chosen as the i 

some cases even larger initial doses had been , jj j fliers 

sons could stand these latter quantities f^ti "h^ of 

an extremely strong reaction followed. Gradually m 
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treatment the doses were increased, in some cases to a maximum of 
25 C.C., in others to 50 c.c. ; in still others to 90 c.c., and in one patient 
as much as 155 c.c. were given in one injection. This same patient also 
received twice at the same injection 200 c.c. colloidal copper immedi- 
ately followed by 50 c.c. of casein. The number of casein injections 
given to the individual patients varied very much. Some patients 
received as many as 48, 46, 36, 32 and 31 injections, others received 
only between 15 and 21, and still others only a few injections. In most 
cases two or three injections were given in the course of a week; 
occasionally there were intervals up to nineteen days between two 
injections, and in some patients there were, during a certain period, 
injections given on successive days. 

II. THE EFFECT OF INJECTIONS OF COLLOIDAL COPPER ON THE 

TEMPERATURE CURVE 

Intravenous injections of colloidal copper were usually followed by 
a rise in temperature. This rise began within the first hour and 
reached its maximum several hours after the injection. In some cases 
-in which a large quantity of the solution had been injected, the maxi- 
mum rise was reached from five to seven hours after the injection; 
the temperature usually became normal again on the day of the injec- 
tion; but on several occasions the temperature was still abnormal on 
the day following an injection, without a new injection having been 
given. Thus in the case of a strong man, following the twenty-third 
injection the temperature rose on the day of the injection to 100 F., 
and on the following day the temperature was still 99. In this case 
no complications (as, for instance, an infection) were present which 
could have explained the rise on the second day. In other cases there 
was, however, especially in the later stages of the disease, sometimes 
an infectious process present as a complication which in itself caused 
a rise in temperature, and to which the rise in temperature caused by 
the injection was added. In such cases we found a rise in temperature 
even on days on which no injection had been given. 

An analysis of the various cases shows the following factors to be 
of importance in determining the extent in the rise of temperature 
observed : 

1. The quantity of fluid injected. On the whole we can say that 
the larger the quantity injected the greater the rise. 

2. This factor is, however, complicated by a second factor which, 
during die period of the later injections, tends to counteract the gradual 
rise in temperature which should be expected in accordance with the 
gradual increase in the doses; namely, an immunity which is gradually 
established as the result of the injections ; we shall consider this factor 
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separately later on. The gradual production of an immunity during 
the course of the injections makes it necessary to compare in the dif- 
ferent cases the effect of the first injections on the temperature. If we 
do this we notice then that 

3. There are individual differences in different patients as far as 
the rise in temperature is concerned. In some cases the temperature 
after the first few injections rose hardly at all or not higher than a 
little above 99 F., and only rarely to 100. This effect we found espe- 
cially, but not exclusively, in relatively strong persons ; in a few rather 
old and not very strong patients the general reactions were also rela- 
tively slight. In a considerable number of cases the rise varied approx- 
imately between 99 and 100 F. This class includes a number of weak 
as well as of strong persons. In a third class, not quite so numerous 
as the others, the rise varied between 100.5 and 102. This class 
included mostly weak persons. We find, therefore, as the third factor, 
individual characteristics, among which the physical strength of a 
patient seems to be of great importance. 

4. In regard to some accidental factors we cannot speak with the 
same degree of certainty. It seems, however, that some variations in 
the temperature of the injected fluid (too low a temperature causing 
higher fever) variations in the size and number of ..colloidal particles 
in a volume unit of fluid and perhaps the rapidity of injection had, in 
some cases, some influence on the degree of fever. We also noticed 
that if on two successive days the same amount of solution was given, 
there was occasionally a more marked rise on the second day. We 
have in such cases possibly to deal with a summation of effects, which, 
however, cannot consist in a summation of the fever curves, the tem- 
perature being usually normal on the day following an injection; but 
it may consist in a summation of changes somewhere in the body 
indirectly connected with the rise in temperature. Bacteriological 
examination of the solutions of colloidal copper proved them to be 
sterile. The rise in temperature following the injections can therefore 
not have been due to admixture of bacteria. 

HI. IMMUNITY ACQUIRED AGAINST THE EFFECT OF COLLOIDAL COPPER 

ON THE TEMPERATURE 

The rise in temperature which followed the injections of colloidal 
copper became generally less, the larger the number of injections 
given; this applies to all classes of persons, as well to those in whom 
the reaction had at first been very marked, as also to those with a 
reaction of medium strength in the beginning, and to those in whom 
from the beginning the reaction had been weak. While in the first 
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two classes the acquired immunity could be easily demonstrated, inas- 
much as notwithstanding the larger doses given at later periods the 
rise in temperature became less, in the last class the establishment of 
an immunity could be assumed on the strength of the fact that the 
larger doses given later did not cause a more marked, or even caused a 
somewhat weaker, reaction than the first smaller doses. In no case 
was the immunity absolute. There were usually some injections which 
caused, again, a more marked rise in temperature. In some cases in 
which at first the reaction had been very marked, it was almost entirely 
absent in the later periods, while in other cases the difference between 
the first and later reactions, although present, was not so marked; in 
these cases the transition from the not immunized to the immunized 
slate was more gradual. In a few cases no definite immunity could be 
shown to exist. While in some cases this was due to the appearance of 
complicating processes tending in themselves to raise the temperature, 
in a few exceptional cases no immunity was apparently produced. In 
some cases partial immunity became noticeable as early as after the 
fourth or fifth injection; in others it required from ten to twelve; in 
still others from fifteen to sixteen injections, before the immunity 
became marked. After the first .sixteen injections the immunity became 
usually especially marked. 

The immunity produced against the general effects of colloidal 
copper is not specific. It can also be produced through preliminary 
injections of solutions of casein which on their part cause a marked 
rise in temperature. We found that in patients in whom, after a series 
of injections of colloidal copper, a series of injections of casein was 
given, and in whom after a number of casein injections again a large 
dose of colloidal copper was injected, the injection of colloidal copper 
was either followed by no fever reaction at all or by a much slighter 
reaction than those observed previous to the injections of casein. It 
appears even probable that many conditions giving rise to a transitory 
elevation of temperature may thereby lessen the general effects of 
colloidal copper. In such cases we may have to deal with a lessened 
excitability of certain nervous mechanisms as a result of previous 
stimulations. 

IV. SOME OTHER EFFECTS OF INTRAVENOUS INJECTIONS OF 

COLLOIDAL COPPER 

Besides the rise in temperature, the most common effect following 
the injections of colloidal copper was a chill ; in most cases beginning 
about thirty minutes (twenty to sixty minutes in individual cases) 
after the injection. It lasted usually about half an hour. The presence 
and intensity of the chill depended, in the same individual, on the 



982 


THE ARCHIVES OF INTERNAL MEDICINE 


height in the rise of the temperature following the injection. There 
was a correspondence in the same individual between the severity of 
the chill and the temperature curve. There was, however, a great 
difference between different individuals in the liability of a chill to 
follow the injection. In one patient, a strong man, in whom the tem- 
perature showed only slight rises after the injections, there was usually 
a marked chill present ; also at times when the rise in temperature was 
almost absent. In another patient, an old man, in whom also the rise 
in temperature was usually slight, a chill was only once observed, viz., 
after the twenty-fourth injection, when the temperature rose to 100. 
In typical cases a slight chill seemed to correspond to a rise in tem- 
perature to about 101, while a severe chill followed a rise to 102 or 
higher. In other persons, however, there was a slight chill when, the 
temperature went up to 100, and a severe chill when the temperature 
went up to 101 or higher; this was the case, for instance, in a girl 
16 years old. There were occasionally some other symptoms present; 
but in most cases they were only exceptionally noticed and found only 
on occasions when the temperature rose somewhat higher than usual. 
Such isolated occurrences were : an attack of dizziness, perspiration 
and symptoms of syncope, pain in head and back, abdominal cramps 
and vomiting. Other symptoms were on several occasions observed in 
an old man of strong build. Here the injections were followed by 
weakness, irregular pulse and vomiting. In an otherwise strong young 
girl the injections were regularly followed by headache and pain in the 
arms. When the temperature remained below 100 there was usually 
no chill, but slight headache and pain in one or both arms were 
observed. 


V. THE EFFECT OF INJECTIONS OF CASEIN ON THE 
TEMPERATURE CURVE 

During the first period the temperature following an intravenous 
injection of casein was higher than after the copper injection during 
the corresponding period. This holds good even in cases in which 
small doses (from 2 to 4 c.c. of the solution) were used during the first 
injections. In the majority of cases the maximal temperature after 
the first three or four injections varied between 101 and 104. In some 
cases it was still higher; in some resistant persons, especially persons 
of strong build, it did not reach 101. The fever curve after these 
injections had a steeper course than after injections of colloidal copper, 
at least in those cases in which large quantities of colloidal copper were 
injected; the maximum temperature was usually reached earlier than 
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after injections of colloidal copper, viz., between one and one-half and 
three hours after the injection; after five or six hours the temperature 
became usually normal or almost normal again. In some cases, how- 
ever, in which with the first injections relatively large doses were given, 
or in which the patient was very sensitive to the casein, the temperature 
remained high even for considerably longer than a day. In a patient, 
e. g., in whom, after the first injection the temperature rose on the 
first day to 105.4, the temperature returned to normal only on the 
twelfth day after the injection. There seemed to be an individual 
difference in different individuals, as to the time required in which, 
after about the same maximum had been reached within a few hours, 
the temperature returns to the normal point. We must assume that 
in those cases in which the temperature remains high during a long 
period, unchanged or only slightly changed casein is circulating in the 
blood, while in those cases in which smaller doses were given or other- 
wise the body was normally able to split or eliminate the casein more 
rapidly, the temperature becomes more rapidly normal. We see 
accordingly that a long-continued rise in temperature is especially 
noticeable following one of the first three injections, while later, when 
a certain immunity has been reached, the return to the normal point is 
usually more rapid, although the doses given may be much higher 
than at first. In one person, in whom the temperature remained high 
during several days, and in whom we gave special attention to this 
point, the temperature during the afternoon was found to be from 
0.2 to 0.6 higher than in the morning. 

On the whole the same factors which determined the rise in tem- 
perature after injections of colloidal copper are also of importance in 
the case of casein. The immunity acquired in the course of these 
injections we shall discuss separately. The size of the doses given 
determines to a great extent the rise of the temperature. But there 
remain, besides, individual factors. If ws compare several persons 
who receive in the first injection approximately the same doses, the 
severity of the reaction is not the same. Thus in one person in whom 
the injections of colloidal copper caused only very little rise in tem- 
perature, casein solutions caused also relatively slight changes in tem- 
perature. Here also some strongly built patients seem to be more 
resistant than weaker persons. Larger initial doses which one patient 
tolerates with only moderately severe reaction, may cause in another 
person reactions of a very great severity. If 2 c.c. were given as the 
initial dose and during the first three or four injections the dose was 
not increased more than 1 or 2 c.c. each time, only relatively slight or 
moderately severe reactions were observed. 
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VI. IMMUNITY ACQUIRED AGAINST THE EFFECTS OF CASEIN ON 

THE TEMPERATURE 

Just as after injections of colloidal copper, an immunity against the 
effects of casein was produced through repeated injections. In the 
typical cases we can distinguish three periods in the process of immuni- 
zation. The first definite signs of immunity became noticeable at the 
time of the fourth injection about eight days after the beginning of the 
injections. Then there followed an intermediate period lasting from 
the fourth to the twelfth or twenty-second injection, during which, 
notwithstanding the larger doses of casein, the temperature was 1° or 
2° lower than in the beginning. This period was followed by a third 
period comprising the later injections in which, notwithstanding the 
still higher doses given, the rise in temperature was still more reduced, 
and in some cases not rarely remained normal after the injections, 
while occasionally there was a slight rise to 99 or 100, which in a few 
cases might have been greater. In other cases, however, in which the 
doses were increased more rapidly, the early onset of the immunity 
after the first three injections was not so clear. In a strong man, for 
instance, immunity became clear only after the first twenty injections. 
Notwithstanding the higher doses given, the temperature was now, on 
the average, less than after the former injections.- In a strong girl 16 
years old in whom the fever reaction following the injection was 
usually very marked, a definite immunity was established only after 
about thirty-six injections, three months after the beginning of the 
administration of casein. Immunity becomes established not only in 
strong, but also in weak persons in whom metastases are present in 
internal organs at the time of the treatment. In our cases we had of 
course to deal with the complication consisting in the gradual increase 
in the doses of casein given. It was therefore possible that in a certain 
case the immunity existed at a time when the temperature reaction did 
not decrease in the course of the successive injections, but in such 
cases the immunity became apparent through the lack of increase in 
fever in successive injections, notwithstanding the increase in the doses 
given ; the immunity established was in no case absolute, but only 
partial. 

In some cases there was an interval varying between ten and nine- 
teen days between two successive injections. It was of interest to 
determine whether the injections following the interval would be 
accompanied by signs of an anaphylactic reaction. While on two occa- 
sions it can be definitely stated that such a reaction did not occur, the 
reaction being not more marked after the injection following the 
inters'^al than after the preceding injection, on two other occasions the 
injection following the interval caused relatively severe symptoms. 
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In those cases in which an anaphylactic reaction can be definitely 
excluded, we may assume that the quantity of casein given in the 
course of the preceding injections had been too great to make possible 
the establishment of anaphylaxis within a relatively short interval 
of time. 

While as we saw, previous injections of casein cause a marked 
decrease in the general effects following the injections of colloidal 
copper, the converse condition does not hold good: Preliminary injec- 
tions of colloidal copper do not protect against the general effects of 
casein. In this connection we must remember that injections of casein 
caused very much more marked general reactions than colloidal copper. 

If we compare the curve of immunization produced through injec- 
tions of colloidal copper with the curve resulting from injections of 
casein, we see on the whole a definite parallelism as to the time when 
the immunization first becomes apparent and when it becomes more 
liiarked. 

VII. OTHER EFFECTS FOLLOWING INTRAVENOUS INJECTIONS OF 

CASEIN SOLUTIONS 

Other symptoms besides temperature were more severe after casein 
than after colloidal copper injections. A chill beginning from thirty to 
forty-five minutes after the injection and lasting about half an hour 
was a very common symptom after use of casein as well as of colloidal 
copper. In the same individual there was on the whole a parallelism 
between the severity of the chill and the height of the rise in tempera- 
ture following the injection; frequently a temperature below 101 F. 
was preceded by a relatively slight, a temperature of 102 or more by a 
severe, chill. But in the same individual the correspondence between 
height of rise in temperature and severity of chill was not complete. 
We find here again a similar difference between individuals as we 
found in the case of colloidal copper. Some persons were inclined to 
have a chill after injection of colloidal copper as well as of casein, 
even in the case of only a slight rise in temperature ; in other persons 
after administration of copper, as well as of casein, a higher tempera- 
ture was required than in others to produce a chill. When there was a 
marked rise in temperature, perspiration was not infrequently observed, 
and after the maximum of the fever had been reached, pain in the 
region of the stomach and vomiting occurred in a number of cases. 
These latter symptoms followed much more frequently injections of 
casein than of colloidal copper. It seems probable that the injection of 
casein causes contraction of the stomach. A very common symptom 
after injections of casein was pain in the back; it started often before 
the injection was finished. This symptom appeared more frequently 
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in. some patients than in others. In some severe cases there was pain 
over all parts of the body, but sometimes especially localized around 
the tumor. Thus in a patient with a lesion in the right humerus the 
arm was affected ; in others the face, if the lesion was in the face. In 
a patient with metastases in the liver, after an injection of a relatively 
large dose of casein, severe pain in the liver region appeared. In somQ 
cases pain around the seat of the lesion was present even if the rise in 
temperature was very slight. In a few cases this localized pain, appear- 
ing about one hour after an injection, was the most persistent symptom 
next to the rise in temperature. , After large doses followed by marked 
general effects, pain around the tumor may be present one or several 
days after the injection. In a few cases injections of casein were 
followed by cardiac and respiratory disturbances: cyanosis, weak 
irregular pulse and rapid, shallow respiration ; in such cases the tem- 
perature was usually high, for instance 104.6 in one case. While such 
attacks were, on the whole, exceptional occurrences, in one or two 
patients irregular pulse following the injections was a more frequent 
symptom. It is possible that some heart lesion existed in such patients. 

There remain a few exceptional symptoms to be mentioned, viz., 
herpes labialis, which followed the injection of casein in two cases on 
occasions when a marked rise in temperature was present. In one 
patient the twenty-first injection was followed by an erythematous 
eruption of the skin. On the whole, those casein preparations which 
caused a more marked rise in temperature caused also more severe 
other symptoms. With increasing immunity the other symptoms grad- 
ually disappeared simultaneously with the fever. In a few cases one 
of the first three injections was, as mentioned above, followed by very 
severe symptoms. In these cases, too large doses had been given.® It 
concerned four patients who received the injection at about the same 
time. The following case may be cited in detail : 

Case 1 (No. 3614). — Multiple carcinoma of face and neck. The first injec- 
tion of IS c.c. casein was followed by slight symptoms. At the time of the 
second injection almost 30 c.c. were given. During the injection there was 
severe pain in the back. For a period of one-half hour there was, ever}^ five 
minutes, a convulsion lasting two or three minutes ; the face was red, breathing 
irregular, pulse rapid. Thirty minutes after the injection there was a severe 
chill lasting from twenty-five to thirty minutes, followed by a rise in temper- 
ature to 106 F., reached five and one-half hours after the injection; delirium 
and anuria were present, and lasted twenty-four hours. The following twelve 
days the patient was unable to eat, he lost weight and felt weak. After t\yo 
weeks he began again to gain in weight and was normal at the end of six 
weeks. We shall have occasion later to refer to the efltects of these injec- - 
tions on the tumor. 

5. This was an accidental happening during an unavoidable absence of one 
of us. 
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5. EFFECTS OF INTRAVENOUS INJECTIONS OF COLLOIDAL 
COPPER AND OF CASEIN ON THE BLOOD 

I. EFFECT OF TFIE INJECTIONS OF COLLOIDAL COPPER ON THE NUMBER 

OF ERYTHROCYTES 

We can divide the patients in four categories: 

1. In some patients there was a decrease in the number of erythro- 
cytes caused by the injections. This decrease was, however, not very 
great. Thus, in one well-built patient the number of erythrocytes 
diminished in the course of ten injections from 5,100,000 to 4,400,000. 
This decrease is relatively slight. In some cases it is confined to. the 
first period of injections, and in the course of the later injections the 
number may again increase. In other cases there is a decrease also 
during the later injections, but after completion of the series of injec- 
tions a recovery takes place. 

2. In some patients in whom anemia was* present from the begin- 
ning, the anemia progressed during the course of injections, but the 
decrease in erythrocytes was not more marked than could be expected 
as a result of the disease. These were patients in whom there were 
large suppurating or putrid, ulcerated surfaces. 

3. In some other cases there was no noticeable decrease, and this 
applied mostly to less advanced cases, but it was also found in a patient 
who had at the beginning of the injections 2,100,000, and after a series 
of fifteen injections 2,200,000 erythrocytes. 

4. In one case we found a distinct increase during the course of 
injections. This was a patient with a carcinoma affecting the orbital 
cavity and its environment. At the beginning there were 3,700,000, 
one and one-half months later 4,200,000 and two and one-half months 
later 4,900,000; nine days after the last (seventy-third) injection, more 
than three months after the beginning, 5,200,000; three and one-half 
months after the last injection 6,420,000 ; six and one-half months after 
the last injection 4,300,000 erythrocytes. This was the case of a strong 
man who received very large quantities of the solution at each injec- 
tion. The maximum was 1,200 c.c. 

In some cases we made a count directly before an injection as well 
as a few hours later. In such cases we found usually a very slight 
decrease in the number of erythrocytes after the injections. 

We may therefore conclude that after the injections of colloidal 
copper a certain number of erythrocytes are destroyed ; that in some 
cases the reparatory changes which take place suffice to replace the lost 
red blood corpuscles. Such reparatory processes may occur even in 
very anemic persons in whom a destruction of erythrocytes took place 
as the result of other injurious influences, which latter loss the blood- 
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forming’ organs were not able to repair. In some cases the reparatory 
processes are not quite strong enough to keep the number of erythro- 
cytes at the normal le'vel. In such cases the reparatory processes may, 
however, after cessation of the injections, be strong enough to replace 
the lost erythrocytes. 

ir. EFFECTS OF INTRAVENOUS INJECTIONS OF CASEIN ON THE NUMBER 

OF ERYTHROCYTES 

Injections of casein did not usually produce any noticeable decrease 
in the number of erythrocytes. While possibly in some cases a severe 
reaction following casein injections may have caused a slight decrease, 
there was usually no marked difference in the number of erythrocytes 
at the beginning and at the end of the casein injections. In one case 
there was even a gain during the period of immunity against the gen- 
eral effects of casein injections. In other cases, an increase began to 
take place after the course of injections had been completed. 

In cases in which the disease itself leads to an increasing destruction 
of erythrocytes, injections of casein cannot prevent the decrease. 
Intravenous injections of casein have therefore no marked influence on 
the number of erythrocytes ; they neither diminish them very markedly 
nor do they prevent a decrease produced by other conditions. ■ 

III. EFFECT OF THE INTRAVENOUS INJECTIONS OF SOLUTIONS OF COL- 
LOIDAL COPPER AND OF CASEIN ON THE LEUKOCYTES 

A complete study of the effect of these solutions on the leukocytes, 
including a detailed determination of the nurriber of the various leuko- 
cytes following injections in each patient, at different periods of the 
treatment, could not be carried out. In a few cases, however, the 
leukocytes were, studied at different times following an injection. In 
most cases only one examination was made following an injection and 
only after certain injections. We may, however, state that a leuko- 
cytosis often follows injections of colloidal copper as well as of casein, 
and that the leukocytosis following injections of casein is usually more 
marked than the leukocytosis following the injections of colloidal 
copper. This corresponds with the higher fever which usually follows 
injections of casein. The maximum of the leukocytosis seems to be 
reached somewhere between two and five hours after the injections; 
eight hours after the injections the number of leukocytes is often again 
normal. In some cases, however, when the general reactions following 
the injections of casein have been very severe, and fever lasts longer 
than twenty-four hours, the leukocyte count may still be high twenty- 
four hours after the injection. Even many injections of either casein 
or colloidal copper did not produce a complete immunity against the 
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effect of these substances as far as the effect on the leukocytes is 
concerned. 

The increase in leukocytes was in the main due to an increase in 
the number of neutrophil polynuclear leukocytes. It is possible that 
at the same time there existed also an absolute increase in the number 
of lymphocytes. In some cases in which there existed a relative 
increase in the lymphocytes, injections of casein produced only a very 
slight, if any, increase in the total number of leukocytes, but principally 
a change in the proportion of different kinds of leukocytes. Thus, in 
the repeatedly mentioned case of a 16-year-old girl there was, three and 
one-half months after the beginning of the injections, preceding an 
injection of casein, 9,800 leukocyte.s. Of these there were 48 per cent, 
polynuclear neutrophils, and from 50 to 52 per cent, lymphocytes. 
Three hours after the injection of casein the number of leukocytes had 
only slightly increased, namely, to 11,000, but the polynuclears had 
increased to 74 per cent, and the lymphocytes had decreased 50 per 
cent., namely, to 25 per cent. 

IV. A RELATIVE INCREASE IN THE NUMBER OF LYMPHOCYTES. PRODUCED 
THROUGH LONG-CONTINUED INJECTIONS OF EITHER 
COLLOIDAL COPPER OR CASEIN 

The changes in the number of leukocytes mentioned above repre- 
sent merely transitory changes. It is now of special interest that a 
large number of injections of colloidal copper or casein, given through 
a considerable period of time, have, in addition, an influence on the 
relative number of the various leukocytes, and this influence persists 
over a long period of time. While the transitory effect consists in an 
• absolute increase in the number of polynuclear neutrophils, the long- 
continued effect consists in the opposite change, namely, a relative 
increase in lymphocytes, especially of the small lymphocytes, and a 
relative decrease of the polynuclear neutrophils. We have observed 
these changes in all those cases in which the blood examinations were 
made at intervals through relatively long periods of time. The change 
became usually distinct about two or two and one-half months after 
the beginning of the treatment, reached a maximum approximately 
from three to six or eight months after the beginning and then com- 
menced slowly to decline. This condition lasted, therefore, much 
longer than the period of injections. It is observed in the following 
cases : 

Case 2 (No; 3641). White man, aged 34; multiple carcinoma of the skin. 
The beginning of the change was noticed somewhat more than two months 
after the commencement of the treatment and during the period of casein injec- 
tions. While previously the number of polynuclears had been above 77 per 
cent, and of lymphocytes 20 per cent., or less, somewhat more than sixty day= 
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after the beginning of the treatment there ^vere 67 per cent, polynuclear neu- 
trophil leukocytes, 27 per cent, small, and 6 per cent large lymphocytes. About 
five months after the beginning of the injections of colloidal copper, and three 
and one-half months after the beginning of the injections of casein, there were 
48 per cent, polynuclear leukocytes, 48 per cent, small and 4 per cent, large 
lymphocytes; the number of leukocytes was increased to 10,800. For the next 
two or three months the count remained approximately the same, although the 
total number of leukocytes returned to normal. This change was still present, 
but perhaps slightly less marked eight and one-half months after the begin- 
ning of the treatment and almost two months after the last injection. At that 
time there were present at two counts made at two days’ intervals: polynuclears 
varying between 48 per cent, and 60 per cent., small lymphocytes varying between 
32 per cent, and 48 per cent,; 3 per cent, large lymphocytes, transitional leuko- 
cytes varying between 1 and 3 per cent, and eosinophils varying between 2 and 
4 per cent. At a count made fourteen and one-half months after the last injec- 
tion (Aug. 31, 1914) examination of the blood showed the following condition: 


Erythrocytes 4,720,000 

White blood cells 15,600 

Polynuclear neutrophil leukocytes 56 per cent. 

Large and small lymphocytes. 41 per cent. 

Large mononuclear cells ; . 1 per cent. 

Eosinophils 2 per cent. 


We see, therefore, that this change is not of a transitory character, but per- 
sists for a long period of time. 

Case 3 (No. 1436). — Woman, aged 69; carcinoma of face, affecting the ear. 
Two months after the beginning of the injection there were 68 per cent, poly- 
nuclear neutrophil leukocytes, 30 per cent, lymphocytes and 2 per cent eosino- 
phils present. Two and one-half months after the beginning of the treatment 
there were 57 per cent, polynuclears and 5 per cent, eosinophils. Three months 
and nine days after beginning of the treatment there were 57 per cent, poly- 
nuclears, 40 per cent. l 3 ^mphocytes and 2 per cent, eosinophils. Five months 
after the beginning and thirty-nine da 3 ^s after the end of the treatment there 
were 48 per cent, polynuclears, 49 per cent, lymphocytes and 3 per cent, eosino- 
phils. One month later the polynuclears had decreased to 45 per cent, and 
the lymphocytes had increased to 48 per cent. ; there were 4 per cent, eosinophils. 
Nine months after the beginning of the treatment and five months after the 
completion of the treatment, the lymphocytes had again decreased to 40 per 
cent., the polynuclears had increased to 52 per cent., and the eosinophils ^ to 
2 per cent. Twelve or thirteen months after the beginning and eight or nine 
months after the completion of the treatment, there was a further rise in poly- 
nuclears, whose number varied between 58 per cent, and 68 per cent. ; there were 
between 31 per cent, and 41 per cent. lymphocytes (about 16 per cent, of which 
were large lymphocytes). There were also 1 per cent, eosinophils. Simiar 
observations which do not need to be given in detail were made in the following 
cases : 

Case 4 (No. 1476).— Man, aged 59. Carcinoma of the cheek. 

Case 5 (No. 1504).— Man, aged 56. Carcinoma of the eyelids extending to 
the e 3 ^e. 

Case 6 (No. 1502).— Man, aged 57. .Carcinoma affecting the skin m the 
neighborhood of the eye. 

Case 7.— R. M., girl, aged 16. Swelling in the humerus of the right arm, 
diagnosed as sarcoma. 

In Cases 3 (1436) and 6 (1502) we can attribute the change to the 
effect of colloidal copper. In Case 6 (1502) no casein had been given. 
In Case 7 only a few injections of colloidal copper had been given, 



M’CL URG-S WEEK-L YON-FLEISHER-LOEB 


991 


and the changes were in all probability due to casein. In the other 
cases a larger number of injections of both casein and colloidal copper 
had been given. This relative increase in lymphocytes is at certain 
times accompanied by an increase in the total number of leukocytes ; 
at other times the latter is absent. We see, furthermore, that old and 
young, strong and weak persons, can show this change. We have to 
distinguish such cases from others in which already before the begin- 
ning of the treatment a relative lymphocytosis is present. 

In some cases it seems that the first changes in this direction were 
observed from five to eight weeks after the beginning of the treatment; 
but inasmuch as no continued examinations of the blood were made in 
these cases, no definite statements concerning the point can be made. 

As to the significance of these changes, it is probable that they 
represent a reaction of the organism toward all kinds of substances 
administered during a long period of time which cause a rise in tem- 
perature and a transitory increase in polynuclear neutrophil leukocytes. 
But whether this reaction consists in a mere change in the distribution 
of the various kinds of leukocytes in the superficial and in the deeper 
blood vessels, or whether we have to deal with an actual new formation 
of lymphocytes, cannot be decided with certainty at present, although 
the latter alternative seems to be more probable. It has been observed 
by Baeslack® that there is an increased lymphocytosis present in can- 
cerous animals during the period of retrogression of a cancer. We can 
exclude with certainty in our cases any relation of the lymphocytosis 
to retrogressive changes, which latter took place in some cases long 
before the onset of the lymphocytosis and in other cases was lacking 
notwithstanding the lymphocytosis. 

6. Report on meeting of American Association for Cancer Research, 1913, 
in Ztschr. f. Krebsforsch., 1913, xii, 441. Baeslack mentions also two cases of 
human cancer (sarcoma of upper jaw and carcinoma of uterus) in which dur- 
ing a period of retrogression there was an increase in lymphocytes. It may be 
also mentioned that Harlan Shoemaker (Neza York Med. Jour., 1913, xlviii 
2-18) states that in the treatment of pellagra, after a first period of injections 
of colloidal copper, in which the polynuclears increase in the period directly 
following the injections, there is a later period during which the small mono- 
nuclear blood cells are increased, and still later the large mononuclear cells 
appear.^ This is an interesting observation. We believe, however, that we 
must distinguish between two phenomena, viz: 1. The temporary increase of 
polynuclear leukocytes following each injection of colloidal metal. Such a 
temporary reaction may still be present even at a later period, when the lympho- 
cytes are already relatively and absolutely increased, and this increase in poly- 
nuclear leukocytes may superimpose itself on the lymphocytosis. 2. A later 
lymphocytosis, which in contradistinction to the increase in polynuclear leuko- 
cytes is not directly, but only indirectly, caused by the injections; it is a chronic 
condition lasting for a long period of time, after the injections have been 
ornitted. It is not only produced through colloidal metals, but also throuo'h 
injections of casein and probably other substances causing a temporary increa'^se 
in polynuclear leukocytes. 
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6. EFFECTS OF THE INTRAVENOUS INJECTIONS OF COL- 
LOIDAL COPPER AND CASEIN ON THE TUMORS 
AND THEIR SURROUNDING TISSUES 

We may divide the changes which we observed in two classes : 
( 1 ) in those not directly representing healing processes, but processes 
more or less common to all tumors, and (2) changes representing a 
healing process, or the first stage of it, or a process, while not actually 
connected with healing, bringing some relief to the patient. A sharp 
line between these two kinds of effects cannot be drawn, and some 
might be just as appropriately classed with the one as with the other. 

I. EFFECTS OF THE INTRAVENOUS INJECTIONS OF COLLOIDAL COPPER AND 
CASEIN ON THE TUMOR, NOT REPRESENTING 
HEALING PROCESSES 

Besides the general effects which we described above, definite 
changes take place in the tumors and various tissues surrounding the 
tumors after the intravenous injections of colloidal copper and casein. 
These changes might he characterized as a localized inflammation 
caused by substances introduced into the circulation at a place distant 
from- the place of injections. We have to deal with an experimentally 
produced inflammation. A localized effect is produced through an 
interference affecting the whole organism. The essential feature of 
the localized reaction is a hyperemia affecting the tumor and its neigh- 
borhood. It may not only affect the immediate neighborhood, but also 
extend somewhat further into the surrounding parts of the organism, 
and the extension is generally the greater, the more severe the reaction. 
For instance, if a lesion is situated at the lower lip and chin, the whole 
face may become swollen and the conjunctiva injected in the case of a 
severe reaction; and even the middle ear may show some effect. In 
open lesions the hyperemia may lead to small hemorrhages, which 
become noticeable in the form of hemorrhagic scabs over the ulcer or 
in a blood-stained secretion. 

The hyperemia is followed by and is to a great extent the cause 
of the typical symptoms of inflammation, namely, swelling, redness, 
increased secretion and sensation of pain or allied sensations. The 
swelling following the injection can in some cases be seen soon after 
the injection, and can also be measured in favorable cases. Thus in a 
patient with a lesion affecting the humerus, the circumference of the 
arm would increase to 1 inch after an injection. Even after the 
fourteenth casein injection such an increase could be observed. This 
swelling takes place sometimes during the period of rise of tempera- 
ture; it occurs, therefore, before the maximum of temperature has 
been reached. But it may also be present somewhat later. Thus, 
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swelling of the neighboring lymph-glands was present four hours after 
injection and had subsided the following morning. The increase in 
hyperemia leads in the case of superficial lesions to redness of the 
surrounding tissue, and sometimes to a bluish purple coloration. 

Increased secretion becomes noticeable in ulcerated tumors after 
the first few injections; for instance, as early as after the second injec- 
tion. It may follow copper as well as casein injections. Sometimes a 
clear serous fluid is secreted, but at other times the secreted material 
may appear purulent or putrid. Infection of the ulcer by organisms is 
present in such cases. The swelling following the injections is in all 
probability due to the increased secretion as well as to hyperemia. 
If the increased transudate cannot be eliminated through an ulcerating 
surface, it might collect and cause swelling, as, for instance, in a can- 
cerous lymph-gland, or in a lymph-gland not yet itself the seat of a 
metastasis, but situated in the neighborhood of a tumor. 

The hyperemia and increased transudate causes also probably the 
pain or burning or itching sensation following injections in and around 
the tumor. These sensations may also radiate into a zone further 
removed from the tumor. For instance, in a case with a lesion in the 
right humerus, the pain was often felt not only in the diseased right, 
but also in the healthy left arm. These sensations are at their height 
just as the swelling before the maximum temperature has been reached. 
It may start three quarters of an hour or an hour after injection, and 
may have subsided within three hours. Local pain may be the most 
persistent symptom following the injections, more persistent than 
fever; such was the case, for instance, in the patient with a lesion of 
the humerus. Pain may be present after an injection of copper as 
well as of casein. If fever persists for several days after an injection, 
pain may also be felt for a few days after injection. Even with a 
slight fever, pain may be severe. Colloidal copper and casein produce 
essentially the same “inflammatory” reactions, only after casein the 
reactions were usually more severe ; there was more pain, swelling and 
secretion. The relative intensity of the reactions following colloidal 
copper and casein varies in different cases. In some cases the reactions 
— general as well as local — are almost absent after colloidal copper, 
while they are marked after casein; in other cases they are present 
after colloidal copper, but stronger after casein. 

There exists a definite relation between general and local reactions ; 
in most cases both follow a parallel course. Usually a severe general 
reaction is accompanied by severe local reactions. For instance, in a 
certain case in which the general reaction following a certain number 
of injections was slight, the local reactions were also slight. Then 
there followed at a later injection a severe general reaction and the 
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local reaction also was much more marked than previously, In other 
cases the general reactions following injections of colloidal copper 
were entirely or almost lacking; in such cases the local reactions were 
also entirely or almost entirely absent. Furthermore, those prepara- 
tions of casein which produce the most severe general reactions call 
forth equally marked local reactions. It may, however, occasionally 
occur that with relatively slight fever (99.8 F.) at one of the later 
injections, the local reactions (consisting, for example, in swelling of 
the face in a patient with a carcinoma of the lower lip) may be very 
severe. We may therefore conclude that the conditions determining 
the severity of the local and general reactions are the same; that there 
may, however, in some cases, in addition to these common conditions, 
exist some special conditions influencing separately either set of 
reactions. 

We can more or less distinctly distinguish in most cases three 
periods as far as the character, of the local reaction is concerned. In 
the first period all the inflammatory signs are most pronounced; 
increased redness and swelling around the tumor may be the first sign ; ' 
a little later, at a fourth or fifth injection, increased serous discharge 
may become noticeable. The time relations in the appearance of these 
different symptoms differs, however, very much; also the duration of 
the first period, which extends usually from the first to somewhere 
between the fifth and tenth injection. Then the second period begins, 
characterized by a decrease in secretion; generally the secretion may 
become less and less during this period,, and the ulcer becomes not 
infrequently almost dry; the swelling and the redness which existed 
previous to the treatment also often begins to subside. Quite marked 
in many cases is the diminution of pain during this stage, sometimes, 
however, a little earlier, during the first period. The second period is 
a period of reaction against the first period of more or less intense 
inflammation. Immediately following the injections there may, how- 
ever, during the second period still be present local inflammatory reac- 
tions, varying in intensity in different cases and at different times in 
the same case. This second period is also the time when the more 
definite healing processes set in in cases in which such reactions can be 
observed. This second period gradually grades quite slowly into the 
third period of immunity against the local effects of the injections. 
Just as in the case of the general reactions, the immunity is usually 
not a complete one in the case of the local reactions ; even toward the 
end of treatment severe local reactions may follow an injection ; but 
gradually the severity becomes less. In some cases these reactions 
may be absent altogether, especially after a late injection of colloidal 
copper. Just as in the case of the general reactions, casein immunizes 
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also against the local eifects of colloidal copper, while on the other 
hand injections of colloidal copper do not immunize against the effects 
of casein. 

These periods, however, cannot be demarcated so sharply in all 
cases. There was, for instance, a case in which it required seventeen 
or eighteen injections for the diminution in secretion to become appar- 
ent, and this change in secretion was apparently the only difference 
between the different periods in this case. In another case local reac- 
tions appeared as late as the thirty-fourth injection of colloidal copper 
(throbbing pain around the tumor) . In another case the first period 
extended over the first ten injections, and was therefore rather long. 

In these three cases in which there was either no marked demarca- 
tion between the different periods, or the first period was of a long 
duration, the healing effect was also extended over a longer period 
than in the other cases. In these three cases (Nos. 1436, 1502, 1405), 
immunization against the effect of colloidal copper evidently took place 
to a less extent than in other cases. 

Just as in the case of the general reactions, we have also in the case 
of the local reactions to take into consideration the fact that the doses 
of colloidal copper as well as of casein were in a number of cases 
gradually much increased as the injections progressed and- that there- 
fore a partial immunity may have been masked through the strong 
effects of large doses. The local reactions which we described were, 
naturally, mainly observed in the case of superficially situated tumors. 
But they occur also, as far as we can judge, in internal cancers and in 
lymph-glands with metastatic growths and internal organs in which 
metastases have formed. 

Such lymph-glands also swell and become painful after injections 
of colloidal copper or casein during the first period. In one case of a 
primary carcinoma of the rectum with metastases in the liver, the first 
injection of 25 c.c. of a solution of casein was followed by pain in the 
liver region, evidently due to hyperemia in the liver surrounding the 
tumor. If a lymph-gland with metastic nodules is connected through 
a fistula with the surface, the increased formation of transudate in the 
lymph-glands after injections may become apparent. In the second 
period we may also observe in the glands a diminution in the swelling 
and secretion. In a case of carcinoma of the esophagus there was less 
pain in swallowing after the ninth injection of colloidal copper. We 
may assume that this was due to a decrease in the swelling of the tumor 
with the onset of the second period. Similar phenomena were observed 
in a cancer of the breast. The breast as well as the neighboring lymph- 
glands became painful after injections of colloidal copper. After injec- 
tions of casein there was also pain present in the axilla and in the 
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neighboring enlarged glands. Combined with severe general reactions 
following injections of casein, the pain could be present on days fol- 
lowing the day of injection ; in this case the fever also extended over a 
number of days. In the same patient the breast was swollen for one 
day after another injection of casein had been given. Here, too, we 
have to assume that increased hyperemia and perhaps increased tran- 
sudate was the cause of these changes. 

In a number of cases of ulcerating cancers we observed that after 
a relatively small number of injections the discharge from the ulcer, 
which had previously been putrid, changed its character and became 
very much less putrid. A possible explanation for this phenomenon is 
the bactericidal action of the serous transudate which, as we stated, is 
increased during the first period or perhaps at a somewhat later day; 
the succeeding increased dryness of the ulcer may also perhaps bring 
about this result. 

While the local reactions may be concerned in the healing process, 
they are certainly not the only factor determining retrogressive changes 
in the tumors. The character of the lesion and the general condition 
of the patient also play a part. Thus we notice that the local reactions 
may still be present at a time when the healing processes have ceased. 
There were some other cases in which healing processes took place 
without marked local reactions or in which healing processes took 
place at a time when the local reactions had ceased. The opposite also 
occurs : there may be present marked local reactions without any heal- 
ing processes being noticeable. On the other hand, we have state4 
already that in cases in which healing processes are noticeable, they 
usually set in with the second period. In one case especially a certain 
connection between local reaction and decrease in the size of the tumor 
was noticeable. In this case (No. 1405) the thirty-fourth injection of 
colloidal copper was followed by throbbing pains in the tumor, and in 
the course of the following few injections the size of the tumor 
diminished noticeably. 

We may therefore conclude that while the local reactions following 
the injections are in some way directly or indirectly concerned in heal- 
ing processes taking place in the tumor, these local reactions are not 
the only factors concerned, but other factors may be of equal or even 
greater importance for the healing process. 

If we now inquire into the mechanism of these local reactions, it 
appears most probable that the presence of the tumor with the constant 
development of new vessels produces a special, labile, sensitive con- 
dition of the vessels in the tumor as well as in the surrounding tissues. 
In consequence stimuli, as, for instances, the presence of certain 
foreign substances, though unable to alter to any noticeable extent the 
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blood-vessels of normal tissues, have, in contact with these labile 
vessels, a similar action as the localized injection of certain very irri- 
tating substances in the case of normal tissues. ■ In the production of 
pain the central nervous system is concerned. The radiation of the 
pain to a symmetrical part of the body (other arm) suggests an irradi- 
ation of stimulation within the central nervous system. 

It is not probable that such localized reactions are restricted to real 
tumors, but it is probable that other localized lesions react in a similar 
manner. This is indicated by one of our cases in which local reactions 
took place at a time when in all probability the tumor was no longer 
present, if, indeed, at any time a real tumor had existed in this case. 

II. CHANGES IN TUMORS REPRESENTING HEALING PROCESSES 

Among the local effects we have already mentioned, some changes 
induced by the injections which, inasmuch as they brought some relief 
to the patient, might in a wider sense be classed among the healing 
processes, as, for instance, decrease in pain, which was marked in a 
number of cases, decrease in secretion and in putrefaction, diminution 
in the swelling in the tissues surrounding the tumors or in the tumors 
themselves. In regard to the latter it is in certain cases difficult to 
distinguish between the decrease in size due to circulatory changes and 
a decrease in size due to the destruction of tumor cells, both processes 
occurring. It will be necessary to consider briefly the effect of the 
injections of colloidal copper and casein in a few selected cases.'^ 

A. NON-KERATINIZING, CYLINDRICAL-CELL CARCINOMAS OF THE SKIN 

Case 8 (No. 3614). — In part reported previously. Man, white, aged 34. Dur- 
ing first period of the treatment observations were made by Dr. M. F. Engman 
and incorporated in our previous reports.® Multiple carcinoma of the skin on 
hand, face and neck. Numerous small cancerous ulcers, deeply infiltrating 
carcinomatous masses, destroying part of the nose, part of the skin in angle 
of eyes, some parts of lower lip. Lower lids of both eyes eroded. In tissues 
of left side of face were hard nodes of pea size. Lower lip greatly thickened, 
hard and everted. Skin rough and scaly. Three elevated plaques on the dor- 
sal side of the hand. Disease started twelve years ago. Roentgen-ray treat- 
ment was tried without benefit. Thirty-six injections of colloidal copper; a large 
number of injections of casein extending over a period of more than four 
months. The injections of colloidal copper had no or only a very slight effect; 
our own interpretation of the action of colloidal copper is therefore less favor- 
able than that of the first clinical observation of this case. There was per- 
haps a slight shrinking in the lesion of the nose; some crusts fell from the 
lesions, but similar changes had, as we found later, occasionally taken place 
spontaneously before the treatment was begun. The second injection of casein 
which had such marked general effects also led to marked local effects on the 


7. For the sake of brevity, all other cases, comprising some of patients who 
were benefited, as well as the majority of those cases in which the results were 
slight or negative, are omitted. 

8. Interstate iNIed. Jour., 1913, xx. No. 1. 
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tumor. Twenty-four hours after this injection many lesions appeared as if 
cauterized; after four days scabs fell from a number of lesions. The lesions 
of nose and upper lip healed almost entirely with the formation of scar tis- 
sue; some of the nodules of the lower lip became softer and disappeared. Some 
small lesions in the face disappeared; others remained unchanged. The fol- 
lowing injections of casein had no marked elfect. During the following six 



Fig. 1. — Photograph taken before any improvement was noted. (Case 8.) 


weeks some of the lesions became softer. At a later period, when immum y 
had been established, one nodule around the face began to grow again. n 
a nodule examined microscopically towards the end of the treatment many 
mitoses were visible. The histogenesis of this tumor has been descn e e se 
where.® 


9. Loeb and Sweek: Jour. Med. Research, 1914, xxviii, 235. 
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The photograph (Fig. 1) shows the condition of the patient at the begin- 
ning of the injections of colloidal copper. It shows the large carcinomatous 
ulcers around the nose and the upper lip. The small lesions in the face, the 
swelling and ulcers of the lower lip are brought out only indistinctly. 

The photograph (Fig. 2) was taken three and one-half months after the 
^ beginning of the injections of casein. It shows the healing of the carcinomatous 
ulcers around the nose and the upper lip. At that time the swelling of the 
lower lip had become definitely smaller and the ulcerated masses were also 
somewhat smaller, but had not disappeared. Later this patient was again treated 
with Roentgen rays without marked benefit. 



Fig. 2.— This photograph is not recent. The patient is in better condition 
than the photograph shows. (Case 8.) 

Case 9 (No. 1502).— Man, white, aged 57. Disease began as a small black 
speck below the eye twenty-five years ago ; the lesion grew very slowly. Several 
plaster treatments led to temporary improvement only. Gradually the eye 
became involved. Nine years ago Roentgen-ray treatment was given, produc- 
ing an improvement lasting one year. Eye extirpated. The ulcer grew more 
rapidly within last five years. There is now a crater-like ulcer involving socket 
of eye as well as the cheek below. Seventy-three injections of colloidal copper 
were given within a period of ninety-seven days. Twelve hundred c.c. was the 
largest single dose given. After the fifth injection an island of new skin began 
to appear; it increased later to finger-nail size After seventeen or eighteen 
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injections the discharge diminished and was less putrid. The ulcerated sur- 
face looked healthier. Improvement continued. After the forty-fifth injection 
new skin extended from the margin of the ulcer deeply into the ulcerated area. 
The ulcerated area showed a raw surface with numerous patches of what 
appeared as granulations; some well-marked blood-vessels. During the period 
between the fiftieth and sixtieth injections the ulcer was again covered with 
some pus. From the fiftieth injection progress was slow, but the newly formed 
skin extended_ somewhat, showing, however, a macerated appearance. After 
the sixty-first injection there was less discharge, blood-vessels and skin extended 
somewhat. At the time of the sixty-third injection one Roentgen-ray expos- 
ure was given ; two days later the general appearance of the ulcer was improved ; 
some more new healthy skin appeared, a few days after the first and second 
pposures to Roentgen rays. Powder. was applied over the ulcer; this led to 
improvement, diminishing the macerating action of the secretion. During 
nine days there was no treatment. After sixty-six injections the ulcer was 
almost entirely covered with skin. Some discharge' was still present, originat- 
ing in the eye-stump, at the seventy-third injection. The. ulcer, with the excep- 
tion of a small area along the side of the nose and at the outside corner of 



Fig. 3. — This photograph was taken before treatment of any kind was 
employed. (Case 9.) 

the lower edges of the former ulcer, was covered with new skin. At the end 
of the treatment most of the ulcer had healed over. There remained still a 
small ulcerated area one-half as large as a dime at the lower margin of the 
former ulcer and another one near the eye-stump. It is of interest to^ iiote 
that the progress continued, although the general reactions after the injec- 
tions were usually slight. In this case we have much longer-continued effect 
than usual. The two Roentgen-ray exposures may have contributed to the 
improvement. Of interest also is the healing over, notwithstanding slight local 
and relatively slight general reactions. 

The photograph (Fig. 3) shows the condition of the ulcer before treatment. 
At no place was the ulcer covered with new skin. Figure 4 shows the con- 
dition toward the end of April, after about sixty-three injections and imme- 
diatelj'' after a second Roentgen-ray exposure. The ulcer looks much cleaner 
and a bridge of newly formed skin traverses the ulcer. 

Figure 5 shows the condition of the patient at the end of the treatment. 
The ulcerated area is almost entirely covered by skin; only two small places 
are still uncovered. This condition was still present three months after cessa- 
tion of treatment. Here also immunity took place. Some small places did 
not heal over. 





Fig 4 — Patient bltown in Figure 3 after about sixt\ -three injectionb and 
immediateK after a second Roentgen-ra\ exposure. (CabC 9.) 
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reactions after injections of colloidal copper were slight and cannot be held 
responsible for healing processes in the tumor. 

The casein injections h^d no effect. During that period the ulcerative proc- 
ess even extended a little beneath and behind the ear for a few weeks and 
remained from then on stationary. Casein produced much stronger general 



Fig. 6. — Photograph taken before any perceptible change had occurred. The 
dark spots outside of the ulcerated area are small ulcerated nodules. The date 
card covers a large mass of glands. This mass is easily palpable and slightly 
raised above the skin surface, but not sufficiently to show in a photograp . 
CCase 10.) 

reactions than colloidal copper. Microscopic sections through the tumor at the 
time when it was beginning to progress a little, showed some strands of non- 
keratinizing carcinoma with a number of mitoses. 
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In this case there is a distinct immunization against the effect of colloidal 
copper noticeable. The main result was obtained in the period between the 
tenth and twentieth injections. From then on to the sixty-eighth injection the 
progress was much slower and during the period of casein injjections the tumor 
even extended slightly. The healing remained incomplete. Later Roentgen 
rays were used without leading to a complete healing. 

The first photograph (Fig. 6) was taken before any perceptible change had 
occurred. The dark spots, outside of the ulcerated area represent small ulcerr 
ated nodules. The paper showing the date when the picture was taken covers 
a mass of swollen glands. The' second photograph (Fig. 7), which was taken 
after the injections had been discontinued, shows that the large ulcerated area 



Fig. 7. — Photograph of patient shown in Figure 6, taken after the injec- 
tions were discontinued. The large ulcerated area is now covered by healthy 
skin. The mass in the neck is, gone. The small dark patch in front of the 
external auditory meatus is a patch that refused to heal, owing to the irritation 
of the constant discharge from the ear. Examination May 2, 1913, showed 
that this place had healed and that there was no further progress of the growth. 
(Case 10.) 

seen in_ the first picture is now covered by healthy skin. At this time .also 
glands in the neck were no longer swollen. The small dark spot in front of 
the external auditory meatus refused to heal as a result of the discharge from 
the ear constantly irritating it. This picture also shows the improved con- 
dition of the skin around the tumor ; the scaly appearance seen in the first 
picture has disappeared. 
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Among four cases of so-called basal-cell carcinoma, two were 
markedly improved, while one showed only a very slight improvement. 
In the latter case we had to deal with a,n anemic person with a deep 
ulcer. In the fourth case colloidal copper was also without noticeable 
effect, while one injection of casein with marked general effects led to 
a partial healing. In the latter case we have to deal with an indirect 
effect of casein. We see, therefore, even in cases representing the 
same type of cancer, marked variations in the results of the injections. 

B. CASES OF SQUAMOUS-CELL CARCINOMA 

Case 11 (No. 1455). — Man, white, aged 46. Three years prior to admission 
the patient had a sore on the lower lip ; about two years later the sore began 
to spread. Treatment by paste made the condition worse. Now ulcerated 
area on right side of lower lip beginning at mucocutaneous border; hard everted 
edges ; at lower half edges hang over to extent of 1 cm. Mass hard. Through 
mucous membrane hard nodules can be felt. Ulcer about 1^ inches in diameter. 
An enlarged lymph-node under chin. Forty-six injections of colloidal copper 
(up to SOO c.c.) were given. Following the second injection of colloidal cop- 
per there was less pain. Following the seventh injection the edges of the ulcer 
softened; the ulcer was somewhat smaller. Following the tenth injection it 
was distinctly smaller; skin began to grow over the ulcer. These changes took 
place notwithstanding very slight general reactions. Up to the fourteenth injec- 
tion the ulcer became still smaller. Following the seventeenth injection the 
nodule under the chin disappeared. After the twentieth injection the mass on 
the lip became still smaller, softer and could be folded. From then on only 
very slight changes occurred up to the thirty-first injection. The lip became 
movable; a little skin grew over the edge of the ulcer. During the casein 
injections there was no definite progress. Histological character of pieces 
taken out at an early and a late stage of the treatment was about the same. 
There was evidently in this case immunity produced after the first twenty 
injections of colloidal copper. 

Case 12 (No. 1476). — Man, aged 59. Carcinoma of cheek of sixteen years^ 
duration. Cauliflower-like ulcerated carcinoma of left cheek of size of a S-cent 
piece covered by yellowish-red scab, raised about 1 cm. above level of cheek. 
This growth was the center of an indurated area about two inches in diameter 
which was covered by reddened skin, extending down to but not involving the 
mucous membrane of the cheek. Could be distinctly felt on inside of mouth. 
Case declared inoperable on account of size of surrounding indurated area. 
Thirty-five injections of colloidal copper, eighteen injections of casein. From 
sixth to fourteenth injection the indurated mass around the tumor began to 
diminish in size; diminution continued up to the sixteenth injection. From then 
on there was a stationary condition. From the fourteenth to the seventeenth 
injection pain in the tumor disappeared. Central tumor not smaller, but easily 
movable. Casein without effect. Microscopically no change at beginning and 
end of treatment. Immunity after about fourteen injections; very slight gene^l 
reactions in this case. After the series of injections the tumor could be 
apparently easily completely removed through operation. 

Case 13 (No. 1442).— Carcinoma of right cheek affecting lower jaw, extend- 
ing to angle of jaw and into lower lip. In the lower part of swelling there 
is a protruding fungus-like ulcerated mass about three-fourths inch in diameter. 
Thirty-six injections of colloidal copper and twenty-seven injections of casein 
were given. Following the fourth injection of copper the external mass was 
somewhat reduced in size; following the tenth injection the tur^r masses 
were smaller; soreness disappeared; patient opened mouth better. Fungus- i 'e 
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outgrowth on outside of cheek had shriveled considerably and discharges less. 
After the seventeenth injection some shrinking in oral cavity; mass in mouth 
became movable; could open mouth much better; external prominence had 
shrunken. After end of copper treatment (Jan. 15, 1913) no copper found in 
section of tumor taken out. Four days after first injection of casein which 
produced marked general reactions, tumor noticeably smaller. Mass within 
mouth had diminished in size. The mass in the mouth which had been red- 
dish before became grayish- white and appeared necrotic. Part of necrotic 
material was expectorated. Outer excrescence dried up. No change from 
further injections. Immunity began after ten injections of colloidal copper 
and was almost complete after twenty injections. There was also some immunity 
against general effects of colloidal copper. There was a necrotizing effect of 
first casein injection on the tumor. 

Case 14 (No. 1405). — Man, aged 74. Formerly reported; irregular ovoid 
mass apparently attached to periosteum over antrum. Continuous with this 
mass there is, in the buccal tissue, another swelling that appears on the mucous 
surface of the cheek as a leukoplakic area, raised about 2 mm. above the sur- 
rounding healthy mucosa. On gum and hard palate several small yellow 
nodules; sixty-two injections of colloidal copper (from ISO to 400 c.c.) From 
the seventh injection on, less pain in the face. After twelfth injection could 
open mouth and eat. From the twenty-fourth to the twenty-eighth injection, 
there were still less pain and further improvement in the general condition. 
No change in external mass of leukoplakia. During the period from the twenty- 
eighth to the thirty-sixth injections the external mass diminished steadily in 
size. At the time of the thirty-second injection the swelling was noticeably 
smaller. Following the thirty-fourth injection there was marked local reac- 
tion and subsequently swelling became markedly smaller and had disappeared 
after the thirty-sixth injection. Up to the forty-sixth injection the tissue con- 
continued to become softer and more movable, and the mass fixed on the 
periosteum could no longer be felt. Movements of the mouth were no longer 
restricted. Leukoplakic area and yellow spots persisted. No further changes 
took place. Up to the end of treatment microscopic examination of leukoplakic 
area showed much thickened epithelium with relatively small processes into 
the deeper tissue and some round-cell infiltration in the connective tissue below. 
There was a gain in weight during the period of injections. In this case 
there was no immunity against general reactions, and the main retrogressive 
change on tumor took place between the thirtieth and forty-sixth injections. 

If we summarize briefly the effect of the injections of colloidal 
copper in cases of squamous-cell carcinoma (including some cases in 
which the microscopical examination could not be carried out), we 
find definite retrogressive changes in Cases 1404, 1442 and 1455, 
changes which could not be explained merely through alteration in' 
blood and lymph circulation. In one case, T., in which the progress 
had been rapid before the treatment had been begun, at least a stand- 
still followed the injections. In Cases 1499 and 1405 the diminution 
in the swelling was marked, but it is difficult to determine how much 
of it was due to alteration in the circulation through the tumor and 
surrounding tissues as the result of the injections. Such circulatory 
changes led also to a marked diminution in size in the Cases 1439 and 
1298 ; in Case 1476 they were marked, but concerned the tissues sur- 
rounding the tumor proper; they rendered the removal of the tumor 
through operation possible. In the following cases there w'^as only a 
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very slight or no retrogressive effect visible, or it was of such a kind 
that later experience made it doubtful whether the effect was due to 
the injections or to spontaneous changes: 1430, 1132, 1453, 1458, 1441, 
1420, 1504, 1412, 1454. There were, however, some slight effects 
present in some of these cases ; thus Patient 1412 could move the eye- 
lids, close the eye much better and could open his mouth much wider 
than before. Similar improvement was noted in Patient 1405. There 
was a decided diminution in pain in the following cases: 1455, 1405, 
1458, 1404, 1439, 1412 and 1454. Putrid discharge was diminished in 
Cases 1458 and 1454. As to the effects of casein, we noticed in a 
manner similar to Cases 3614 and 1442, and to some extent in Case 
1 504, that an inj ection which has a very marked general effect on the 
patient may cause a part of the tumor to become necrotic, and later on 
to be cast off; the effect of such an injection does, however, merely 
affect a certain part and not the whole of the tumor. Otherwise it is 
doubtful whether injections of casein have any effect on the tumors, 
although they have more marked general and local inflammatory effects 
than injections of colloidal copper. There was perhaps a slight effect 
of casein present in Case 1420, in which the injections of casein pre- 
ceded those of colloidal copper, and also in Case 1298. Of great 
interest is the fact that most of the healing changes, or changes leading 
to the relief of the patient, took place in the course of the first sixteen 
or twenty injections. Case 1405 was an exception in this respect. The 
principal changes took place, therefore, in the second period, or in the 
time directly following it. 

In the following case the diagnosis of sarcoma could not be estab- 
lished with certainty: 

Case 15. — M., white girl, aged 16. Mother and grandmother of patient 
had been operated on for cancer. Swelling in right upper arm at junction of 
upper and middle third, about size of silver dollar, very sensitive to touch; 
pain especially on motion. Pain was noticed first about three months pre- 
viously. Diagnosis of sarcoma was made by a well-known surgeon and imme- 
diate amputation of arm recommended. Roentgen-ray picture was taken before 
the injection was begun; she was kept under observation for twelve days; at 
the end of this period another Roentgen-ray picture showed that the growth 
had progressed. Circumference of arm at point of disease was 11 inches at 
the beginning and 11^4 inches at the end of the period of twelve days. Six 
injections of colloidal copper (100 to 400 c.c.) and forty-six injections of casein 
in 117 days (from IS to 25 c.c.) were given. After three injections of copper, 
five days after the beginning of the treatment, the circumference of the diseased 
arm had decreased 14 inch. Directly following the first injections of 
there was an increase in the size of the diseased area, which was followed by 
a decrease. A Roentgen-ray picture five and one-half weeks after the begin- 
ning of the treatment (after about twelve injections of casein) showe a 
standstill in the disease; another Roentgen-ray picture was taken three or fo'j^ 
weeks later which showed a new deposit of lime salts in the diseased » 
this calcification progressed during the next few weeks; after the thi^y-seven 
injection about one-third of the area was infiltrated with lime salts. From t en 
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on no or only very slight progress was made till the end of the injection. 
About three months after the last injection the diseased area was opened through 
operation. A cavity and necrotic bone were found; microscopically, connective 
tissue, partly rich in cells, was seen, and some necrotic bone invaded by connec- 
tive tissue. In this case the diagnosis of sarcoma cannot be made with certainty. 

In accordance with our previous observations, we found in a case 
of carcinoma of the breast that a single general reaction of great 
intensity following an injection of casein may lead to a partial destruc- 
tion of tumor tissue. Injections of colloidal copper, in cases of cancer 
of the breast, led only to some diminution in the size of lymph-glands 
approximately coincident with the beginning of the second period. 
We treated three cases of carcinoma of the uterus ; two of these were 
very advanced in very cachectic patients; one was less advanced in a 
relatively robust woman. 

Case 16 (No. 369). — Negro, woman, aged 30. Examinations by Dr. F. J. 
Taussig. Patient hysterectomized for carcinoma of uterus about four years 
preceding the injections. Recurrence. A mass the size of an orange, irregular 
in outline, palpable, was found in the right iliac region; a similar mass about 
one-half the size of an orange in the mid-pelvic region; about nineteen injec- 
tions of colloidal copper (150 to 400 c.c.) were given. 

After two days tumor on right side the same; in center a little smaller. 
After fifteen days right tumor smaller, tumor in center had continued to shrink 
and had become flatter. After twenty-one days pain had disappeared; there 
was very slight sensitiveness on deep pressure. No change in consistency. The 
right tumor continued to get smaller up to the end of treatment; the gland in 
the center was at that time hardly palpable. After discontinuation of treatment 
the disease began again to progress. There was no doubt in this case concern- 
ing the beneficial effect of the injections, which produced a considerable reduc- 
tion in the size of the tumor and diminution in pain. 

In a non-cachectic patient colloidal copper improved the condition 
of the patient markedly, causing a noticeable reduction in the size of 
the tumor. In this as well as in the one of the two cachectic patients, 
colloidal copper diminished pain markedly, while in the third cachectic 
patient neither tumor nor pain was influenced. We may furthermore 
conclude that the injections are capable of influencing, also, tumors 
other than those of the skin or external mucous membranes. 

Some decrease in the size of the tumors was observed in a case of 
cancer of the thyroid. We leave it open in this case as to how much 
of this decrease was caused through circulatory changes. 

7. CONCLUSIONS 

I. SUMMARY OF EFFECTS OF COLLOIDAL COPPER AND CASEIN ON THE 

HEALING PROCESSES 

1. Intravenous injections of colloidal copper have a definite effect 
in a certain number of tumors, while in the case of others they are 
without any noticeable effect. It is at present only to a limited extent 
possible to analyze the factors responsible for this variability in the 
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results. In a preliminary manner we may conclude that : A. The effect 
of the injections is not limited to a special kind of cancer. Definite 
results have been obtained in the smaller basal-cell as well as in 
squamous-cell carcinoma and in carcinoma of the uterus. The most 
marked results were, however, obtained with the least virulent, most 
chronic cases, namely, the smaller basal-cell carcinoma. B, Those 
patients in whom definite results were obtained were relatively vigor- 
ous persons. In cachectic patients and in those with internal metas- 
tases, no results were obtained, and in some cases it was observed that 
following an intermittent disease which weakened the patient very 
much, injections which had previously had some effect, became indif- 
ferent. C. While these factors seem to be of importance, other vari- 
able factors seems to play a part, and it is therefore impossible to 
predict in a given case whether or not a definite result will be obtained. 

2. While in some tumors the measurable reduction in size, the 
shrinking of the ulcerated area, leaves no doubt about the definite effect 
of the injections on the tumor, there are a number of cases in which 
a noticeable shrinking of the tumor takes place, but in which the 
character of the tumors and the rapid effect of the injections suggest 
that the diminution in size is mainly due to an effect on the circulatory 
conditions in the tumor, as for instance, in Case 1439. In other cases, 
as, for instance, 1405 and 1513 (carcinoma of the thyroid), it is doubt- 
ful how much of the change observed is due to the circulatory changes 
and how much to an actual decrease in the quantity of tumor tissue. 
In one formerly rapidly progressing case the growth came to a stand- 
still during the period of injections. In certain cases the injections do 
not influence to any noticeable extent the tumor itself, but they cause a 
marked diminution in the swelling of the surrounding tissues (espe- 
cially in Case 1476). Through this sharp demarcation of the tumor 
proper a formerly inoperable tumor may become converted into an 
operable tumor. There was also an effect noticeable in the glands 
affected by metastases ; a diminution in size was observed in a number 
of cases ; again, changes in the circulatory condition may entirely or 
partially be the cause of this. In a number of cases a marked diminu- 
tion in the pain, and, in some cases, in the .quantity of the putrid dis- 
charge, followed the injections. In a considerable number of cases 
neither objective nor subjective improvement could be obtained. 

3. In most cases the improvement began approximately with the 
onset of the second period (see general description of local reaction). 
In almost all cases the improvement after a temporary period of 
progress came to a standstill. The duration of the period of progress 
in healing varied considerably in different cases. We noticed a similar 
gradual decrease in the effects of the injections in the cases of the 
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general reactions and local reactions in the region surrounding - the 
tumor. There was in some cases a parallelism noticeable in the curves 
indicating the gradual decrease in the reactions of a general character 
and those aifecting the tumor directly. We may interpret this decrease 
in the effect of the injections on the tumors in two ways: A. Certain 
parts of the tumor or certain processes in the tumor are much more 
accessible to the actions of colloidal copper than others. After they 
have been influenced, other parts or other processes remain inaccessible 
to the effect of colloidal copper. B. An immunity is gradually obtained, 
not only against the general reactions, but also against those local 
reactions which induce healing processes. Inasmuch as we have proved 
the existence of such an immunity in the case of animal cancers, and 
have shown it to be of double origin, it becomes very probable that an 
analogous immunity is also produced in human cases. In addition, the 
first-named factor may play a certain part. Thus, it comes about that 
even in the apparently most favorable cases the healing remains incom- 
plete and later even the progress of the carcinomatous growth may be 
observed. A similar immunity is produced against the general reac- 
tions following the injections of colloidal copper. 

4. Microscopical examinations of pieces of tumor excised during 
different periods of the treatment do not indicate a direct destruction 
of the tumor. This is not conclusive evidence, however, against the 
occurrence of such a process, inasmuch as one of us has shown pre- 
viously that also in definitely retrogressing animal tumors mitoses may 
still be found in tumor cells.^" 

5. While intravenous injections of colloidal copper have a definite 
effect, causing a partial retrogression in a certain number of cases, 
ordinary injections of casein preparations were even without effect or 
were followed by so slight effects that the distinct efficacy which can 
to a limited extent be ascribed to colloidal copper cannot be attributed 
to casein. In two cases, however, there were perhaps slight effects 
visible (1420 and 1298) ; these were cases in which the injections of 
casein .had not been preceded by a larger number of injections of 
colloidal copper. We may interpret this lack of efficacy of casein in 
either of the following two ways : (A) Casein is actually without effect 
in human cancer, despite the fact that it is efficient, although to a less 
extent than colloidal copper, in animal tumors. Or (b) the lack of 
efficiency is only apparent, caused by the fact that in almost all our 
cases the injections of casein were preceded by injections of colloidal 
copper, and that through the preceding injections of colloidal copper 
an immunity had been produced against the action of casein as far as 

^10. Loeb; Virchow’s Arch. f. path. Anat., 1S02, clxvii, 187; ibid., 1903, cl.x.xii, 
363. 



1010 THE ARCHIVES OF INTERNAL MEDICINE 

its direct effect on the tumors is concerned. Then it would be neces- 
sary to conclude that such an immunity against the direct effects, of 
casein on the tumor could thus be produced, while, as we saw above, 
preceding injections of colloidal copper are not able to produce an 
immunity against the effects of casein as far as its general and certain 
inflammatory local reactions are concerned. 

6. While a definite decision between these alternatives cannot be 
arrived at at present, we may definitely conclude that there is no 
thorough-going parallelism between the strength of local inflammatory 
reactions or the severity of the general reactions following the injec- 
tions of a certain substance and its direct effect on the tumor. 

7. In case injections of casein have an unusually marked general 
effect, causing high fever, extending over several days, combined with 
other severe symptoms, they may cause a partial destruction of the- 
tumor within the next few days following the injection. This partial 
destruction may result in a localized process of healing. In no case 
was more than a partial effect accomplished by these means. This 
effect is in all probability not to be considered as a specific casein 
reaction, but it may be that any other substance causing very marked 
general reactions would have similar effects on the tumors. 

8. As far as the general and local inflammatory reactions following 
the injections are concerned, our investigations have shown, in accord- 
ance with what we assumed from the beginning, that the local reactions 
around the tumor following the intravenous injections of various sub- 
stances are in no way specific. 

9. Some other investigators have made observations which support 
the conclusions that intravenous injections of colloidal copper, or of 
related substances, have a definite effect on a certain number of tumors, 
while others, the majority, are left uninfluenced. Thus Dr. M. J. Gelpi, 
in the Department of Gynecology at Tulane University, New Orleans, 
injected several patients with a solution of colloidal copper hydrate.^^ 
Among them he observed a case of carcinomatous ulcer of the cheek 
which healed entirely over as the result of the injections; an indurated 
area, however, remained unchanged. 

Furthermore, there have also appeared reports by various observers 
in different countries, some on cases which show undoubtedly that 
injections of various colloidal metals have a definite, though, from a 
practical point of view, only partial, effect on a certain number of 
tumors. On the majority of tumors no or only a very slight effect 
could be determined. 

11. A preparation of Mulford & Co., Philadelphia. We tested^ the 
preparation in mouse tumors. See our communication in Lxper. r 

1914, XX, No. 5. The case will be reported by Dr. Gelpi. In that case also 
recurrence may have taken place later. 
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10. We have found .some evidence supporting the conclusion that 
human and animal tumors are affected fundamentally in a similar 
manner by certain substances introduced into the general circulation. 
Colloidal copper has on cancer in animals a definite though by no 
means very strong effect. It has also an effect on a certain number of 
human cancers. We proved the existence of a process of immunization 
in the case of animal tumors after repeated injections of various sub- 
stances and we analyzed its mechanism. While a proof of this 
immunity cannot be given in the case of human tumors with the same 
definiteness as in the case of animal tumors, its existence can at least 
be made very probable, a conclusion of theoretical as well as of prac- 
tical importance. 

II. SUMMARY OF EFFECTS OF INJECTIONS OF COLLOIDAL COPPER AND 
CASEIN NOT RELATING DIRECTLY TO HEALING PROCESSES 

11. Colloidal copper, and probably also other colloidal metals, in 
contact with the walls of the veins cause pathological changes. Solu- 
tions of casein do so only exceptionally. The intensity of these changes 
depends on all those conditions which favor or inhibit an intimate con- 
tact between the colloidal particles and the endothelium of the blood 
vessels. The colloidal particles of metals produce, probably through 
injury of the endothelial cells, a greater permeability of the vessel-wall 
for the fluid constituents of the blood, and cause sometimes a dilatation 
of the vasa vasorum, leading to inflammation in the neighborhood of 
the vessels. 

12. Immunity against the effects of colloidal copper produced 
through repeated injections of the solution is one of the factors deter- 
mining the rise of temperature following the injection. The immunity 
produced against the effects of colloidal copper on the temperature is 
not specific; it can be produced through preliminary injections not only 
of colloidal copper, but also of casein. 

13. Under similar conditions very small doses of casein cause a 
greater rise in temperature than colloidal copper, and the fever curve is 
steeper after casein. In individual cases the rapidity with which the 
fever disappears varies very much ; it is probable that the duration of 
fever depends at least partly on the time during which unchanged or 
only slightly changed casein circulates in the blood, while in later 
periods, when the organism is in a position to split the casein more 
rapidly, the temperature returns more rapidly to the normal point. 

14. Injections of casein are followed by an immunity against the 
general effects of casein ; this immunity gradually increases with the 
progress of injections. It appears as early as after the first three or 
four injections; on the whole, three periods can be distinguished in its 



1012 


THE ARCHIVES OF INTERNAL MEDICINE 


development. Immunity may be established in strong as well as in 
weak persons, in whom there may be metastases present at the time the 
injections were given. Intervals of ten or nineteen days may elapse 
between two succeeding injections of casein without the appearance of 
definite symptoms of anaphylaxis. While preliminary injections of 
casein protect against the general effects of colloidal copper, prelim- 
inary injections of colloidal copper do not diminish markedly the effects 
following the injections of casein. There exists a certain parallelism 
in the curves of immunization following injections of casein' and of 
colloidal copper. 

15. Intravenous injections of colloidal copper or casein, if given 
through a considerable period of time, cause a relative increase in 
(especially small) lymphocytes and a corresponding decrease in poly- 
nuclear neutrophil leukocytes. This change extends over a long period 
of time and may still be present many months after injections have 
been suspended. 

16. Intravenous injections of colloidal copper and casein cause in 
and around the tumors changes which might be characterized as a 
localized experimentally-produced inflammation called forth at a place 
distinct from the place of injection through substances introduced into 
the general circulation. Colloidal copper and casein produce essentially 
the same “inflammatory” reaction, only after casein the reactions are 
usually more severe. 

17. We can in most cases distinguish three periods as far as the 
character and intensity of the local reaction is concerned. In the first 
period all the inflammatory signs are most pronounced. The second 
period is characterized by a marked decrease in inflammatory reactions. 
In cases in which the injections lead to an improvement in the con- 
ditions of the patients, the healing changes usually set in with the 
second period ; the second period represents a reaction against the first 
period. The third period is the period of more or less marked 
immunity against the effects of the injections. Just as in the case of 
the general reactions, so also in the case of the local reactions, an 
immunity usually becomes established, which in this .case likewise is 
usually not complete. In a similar manner as in the case of the general 
reactions, casein immunizes also against the local effects of colloidal 
copper, while, on the other hand, injections of colloidal copper do not 
immunize against the effects of casein. 

While a certain connection between the local reactions and the 
healing processes seems to exist, the parallelism is not a complete one, 
probably owing to the interference of other variable factors. 

It is possible — and we regard this as entirely tentative — that the 
reaction against tlie acute inflammatory changes of the first period, a 
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reaction which characterizes the second period and which leads to a 
diminution in the size of the tumor and its neighborhood mainly 
through circulatory changes, constitute the essential effect of the injec- 
tions of colloidal copper, and that in some special cases this change is 
followed by further healing processes, either by a more marked shrink- 
ing of the tumor or by a healing over of the carcinomatous ulcer. 
Whether an actual destruction of tumor tissue takes place directly or 
indirectly as the result of the injections, can neither be positively 
asserted nor denied at present. 

Department of Pathology, Barnard Free Skin and Cancer Hospital. 



RAT-BITE FEVER* 


BURRILL B. CROHN, M.D. 

NEW YORK 

I. INTRODUCTION 

In 1907 my attention was first called by Dr. 'E. Libman to an 
observation which he had made on a patient who had been bitten by a 
rat, and who, two weeks later, had developed an irregular and inter- 
mittent fever, accompanied by a diffuse erythema, and terminating in 
recovery without sequelae. Though no distinct scientific data were 
taken at the time, the unusual character of the symptoms attracted his 
attention. Soon afterward, two other somewhat similar occurrences 
were remarked by medical associates, but no opportunity was afforded 
for personal observation of these cases. 

The appearance of an article by Horder^ in 1910 describing three 
cases of irregular fever following the bite of a rat, and the almost 
simultaneous occurrence in the wards of Mt. Sinai Hospital of an 
undoubted instance of similar nature, afforded the opportunity 
of making a complete study and examination of all the data 
in this case and a careful scrutiny of the literature of the various 
countries in an attempt to discover the previous recognition of the 
symptom-complex and to collate all the information obtainable relative 
to the subject. It soon become evident that a distinct clinical picture 
following the bite of a rat in a human being had been recognized in 
the older and the more recent Japanese literature, as well as in the 
older American literature, and that there were sporadic references to 
similar occurrences in the medical archives of at least three nations 
of Europe. 

Since 1910 there has been an increasing number of cases reported, 
particularly in the British literature, while the recent records of our 
own country, except for the isolated report of Proescher^ in 1913, 
remain devoid of a single instance. On the suggestion of Dr. Libman, 
and with the desire to give further recognition to a disease both inter- 
esting and important and well worthy of a closer scrutiny, the follow- 
ing case is reported, together with a careful review of the literature of 
all countries. 


* Submitted for publication Nov. 12, 1914. 

*From the Pathological Laboratory, Mt. Sinai Hospital. 

1. Horder: Quart. Jour. Med., 1910, iii, 121. 

2. Proescher: Berl. klin. Wchnschr., 1912, xlix, 841; Internat. Chn., iv, 
series 21, p. 77. 
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II. CASE HISTORY 

Patient— A Russian boy, aged 15, was admitted to the first medical service 
of Mt. Sinai Hospital (service of Dr. J. Rudisch) Dec. 17, 1910, giving the 
following history; About two and a half weeks prior to admission the patient 
was bitten on the scalp by a rat. After the bite 'he complained of nothing but 
slight pain. The wound seemed to heal without attention. • Two weeks later, 
on account of pain and swelling about the healing wound, he consulted a phy- 
sician. The latter found an edema and induration on the scalp over an area 
about the size of a bean. There were some enlarged cervical lymph-nodes on 
the same side, which had been there for a week, according to the statement of 
the patient. The physician made a crucial incision over the site of the bite 
and swabbed the parts with potassium permanganate. Fever developed three 
days later. The glands in the neck increased in size and the eye-lids became 
swollen. There was a purplish discoloration of the face and right eye. Vomit- 
ing occurred on several occasions during the previous week. When admitted 
to the hospital the patient was sent to the isolation house for supposed erysipelas 
originating in the wound. 

Physical Examination. — December 18. Patient well nourished; does not 
look seriously ill. No cyanosis or dyspnea. Temperature, 102.2 F. ; pulse, 100. 

Skin; Over the entire right cheek, right side of the forehead, right side of 
the neck, right ear, and over a small area behind the right ear there is a diffuse 
erythema of which the margin is only moderately well defined. Over the area 
on the neck are a few large blebs and superficial excoriations (due to the use 
of local applications). 

Nodes; Cervical, axillary and inguinal nodes on both sides are slightly 
enlarged. 

Scalp; Over the right side behind the angle of the jaw there is a group of 
enlarged lymph-nodes; 31/2 inches above the right eye is an open wound dis- 
charging a small amount of serum. The wound is surrounded by a slight indu- 
ration and some edema. 

Heart and Lungs; Negative. 

Liver ; Extends to the free border of the ribs. 'Upper border of flatness 
in the fifth intercostal space. 

Spleen; Edge distinctly felt one finger below free border; hard and round. 
Extremities and reflexes normal. 

Course. — December 19. Edema and erythema have spread to the other side 
of the face and eyelids. The temperature has become normal. 

December 20. General condition good. Temperature normal. No signs 
of progress of erythema. Original wound is almost clean. 

December 22. Patient discharged, well, the induration about the wound and 
the erythema having disappeared. 

Abstract of Clinical Data. — Temperature; See chart. Pulse; Ranged from 
70 to 90 or 100, then 68 to 72. Respiration; Normal. .Amounts of Urine; 
Normal. December 18. Clear; acid; 1.030; trace of albumin; no acetone or 
indican present; moderate number of hyaline and granular casts and some 
leukocytes. December 20. — ^Trace of albumin and many hyaline and granular 
casts and moderate number of leukocytes and occasional erythrocytes. Decem- 
ber 22. Faint trace of albumin; few leukocytes; no casts. 

Treatment. — Patient treated symptomatically as an erysipelas case. 

Summary.— ll will be noted that the patient having been bitten by a 
rat, the wound promptly healed. After an incubation period of two weeks, 
edema and erythema occurred about the healed wound. Incision and cauteriza- 
tion of the parts were ineffectual in preventing spreading inflammation. Regional 
lymph-nodes were early enlarged. Fever appeared shortly after the inflam- 
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matory signs. After a course, of five days, characterized by fever and local 
inflammation, erythema, adenitis and mild nephritis, the symptoms spontaneously 
resolved. 

The patient was, readmitted to the first surgical service of the hospital 
Dec. 29, 1910, and was transferred to the first medical service Jan. 11, 1911, 

Surgical History, — The patient stated that two days before admission (or 
eight days after resolution of previous symptoms) a small mass developed 
behind the lobe of the right ear. It was painful and tender. The swelling had 
steadily increased, and the patient said he was forced to keep his head bent 
to the right shoulder so as to relieve the pain. He felt feverish and somewhat 
chilly. He was not hoarse, but swallowing was painful. 

Physical Examination. — This revealed no new symptoms. The wound was 
healed ; there was no erythema. The cervical nodes were markedly swollen ; 
other lymph-nodes not enlarged. Lungs and heart negative. Liver not palpable ; 
spleen palpable two fingers below the free border of the ribs, firm and round. 
Temperature, 102 F. ; pulse, 100. The urine showed a severe nephritis to be 
present. 

December 29: Aspiration of nodes with negative results. 

December 31 : Temperature normal. 

(The defervescence marks the end of a second paroxysm characterized by 
swelling of nodes, fever, chilliness, dysphagia and pain in the wound). 

January 3: Urine examination shows a faint trace of albumin and a few 
epithelial cells and leukocytes. 

January 8: Urine examination negative. 

January 9 : The regional nodes are slightly larger. There is slight tender- 
' ness of the sublingual lymph-nodes. Axillary nodes not palpable. During the 
preceding nine days the temperature has remained normal and the patient 
has been comfortable. 

January 11: Temperature shows another rise, reaching 101.6 F. There is 
no change in the wound. Behind the ear, extending backward to the trapezius 
muscle and downward to the anterior border of the sternocleidomastoid muscle 
is an erythema which is, for the most part, patchy. In places it is confluent, 
pink in color, slightly elevated, resembling urticarial erythema. A group 
of enlarged lymph-nodes exists behind the angle of the jaw, extending to the 
lobe of the ear ; the mass is the size of a plum, the nodes are quite tender. 
There is one small, tender lymph-node in the right axilla. Left axillary nodes 
just palpable. The spleen is palpable 1% fingers below the free border of the 
ribs; the edge is round and firm. The liver is palpable two fingers below the 


free border of the ribs. 

Blood-Counts: January 2. ‘ 

Erythrocytes 5,000,000 

Leukocytes 16,000 

Polymorphonuclear leukocytes ' 75 per cent. 

Lymphocytes 21 per cent. 

Eosinophils 4 per cent. 

January 9. 

Leukocytes 1 1,000 

Lymphocytes 20 per cent. 

Polymorphonuclear leukocytes 80 per cent. 


The patient was transferred to the medical service. 

Second Medical History. — ^Examination January 12. The patient is some- 
what apathetic. In the right temporal region is the original rat-bite; extend- 
ing from one-half inch from the median line backward as far as the coronal 
suture there is an area of slight edema which on pressure is not tender, and 
which extends down over the posterior half of the right side of face. At the 
angle of the jaw there is a mass of lymph-nodes about the size of a lemon; 
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somewhat tender, not attached to the skin; the nodes are somewhat matted 
together in this region. The submaxillary nodes are enlarged but not tender. 
There is fulness in the right supraclavicular fossa, and also in outer half of 
right pectoralis major muscle, this area being tender on deep palpation. In 
the right axilla the nodes are matted together. Posterior cervical nodes are 
somewhat enlarged; lymph-nodes elsewhere in body slightly increased in size. 
There are no changes of any importance in the mouth, or throat. 

Liver: Palpable two fingers below free border; edge sharp and smooth. 

Spleen: Palpable two fingers below free border; edge smooth and hard. 

Temperature, 101 F, ; pulse, 96. 

Urine: Very faint trace of albumin; otherwise negative. 

January 13. Spleen broad and palpable one finger below free border. Nodes 
are larger and more tender. 


Blood-Count : 

Erythrocytes 4,800,000 

Leukocytes 9,000 

Polymorphonuclear leukocytes 62 per cent. 

Small lymphocytes 17 per cent. 

Large lymphocytes 17 per cent. 

Large mononuclears 2 per cent. 

Eosinophils 2 per cent. 


January 17. During the last four days the temperature has been defervesc- 
ing and the erythema has almost entirely disappeared. Nodes in the submaxil- 
lary region are growing progressively larger; otherwise lesions the same as 
before. 

[This paroxysm (the third) occurred after a free interval of ten days. It 
was characterized by early regional and general lymph adenitis, fever, chilli- 
ness, local erythema, enlargement of the spleen and nephritis.] 

January 23. Urine shows a very faint trace of albumin; no casts. 

February 15. Since the last note the general condition has remained good; 
patient is up and about. Lymph-nodes still enlarged, not tender; diminishing 
in size. Erythema disappeared shortly after the end of the last paroxysm. 

February 17. Notes on discharge: No edema; no erythema present. 
Incision (made in removal of lymph-node) behind the ramus of the jaw is 
healed primarily. Behind the ramus of the jaw there is a lymph-node the size 
of an almond which is rather firm and quite tender. Surrounding this node 
there are a number of firm, tender nodes, lobular in form, varying in size from 
a pea to a hazelnut. Down to the supraclavicular region there is present a 
large number of lymph-nodes of the same type as those described before, 
about the size of a pea. 

The glands are not matted together, but some of them are connected by 
strands, apparently of fibrous tissue. Just below the angle of the jaw on the 
left side there is present a lymph-node about two-thirds the size of an almond, 
and fairly soft in consistency. In the supraclavicular region on the left side 
there are no lymph-nodes. 

In the left axilla no lymph-nodes are palpable. 

In the right axilla two lymph-nodes are felt agglutinated together, fairly 
soft in consistency, each about the size of a small pea. 

In both inguinal regions there are small, fairly soft lymph-nodes about t e 
size of split peas. 

In the right recumbent position, splenic dulness begins in the sixth space 
in the axillary line. Spleen, on deep inspiration, comes down two fingers 
breadth below free border. Edge is sharp and hard. 

Liver dulness begins in the fourth space in the mammillary Une, but is no 
enlarged downwards. 

Lungs and heart are negative. Patient in good condition. 
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Temperature: For the temperature January 11 to 17, see chart. After 
January 18 the temperature was practically normal, except for an occasional 
rise to 100 F. 

Treatment . — Purely symptomatic. 

(This patient was seen by Dr. Libmah a number of times up to March 15, 
1911. There had been no further acute attack; the lymph-nodes on the angle 
of the right jaw were still moderately enlarged and the spleen was still 
palpable). 

Pathological Data. — blood-culture was made by Dr. Daniel Poll Dec. 
17, 1910, when the temperature was 102. Fifteen cubic centimeters of blood 
were used. The blood was distributed in plain bouillon, glucose-bouillon, agar 
and glucose-agar. It was incubated partly aerobically and partly anaerobically. 
No growth in any of the mediums was observed (time of observation six days). 

A second blood-culture was made Jan. 9, 1911, when the nodes were enlarg- 
ing. Fifteen cubic centimeters of blood were used. This was inoculated in 
ordinary bouillon, ordinary agar, and glucose agar, and grown aerobically, 
with negative result. 

Blood was also inoculated into deep tubes of glucose-agar (according to 
the Veillon method) and observed for two -weeks. Results were entirely 
negative. 

At the same time further examination of the blood was made. Smears 
were stained with Giemsa, Jenner, Gram stain and India ink. Search, carried 
out for a number of hours, was negative. Hanging drop made from the 
fresh blood gave negative results. Examinations by means of the ultramicro- 
scope were also negative. Microscopical examinations of laked blood (method 
of Fried and Sophian) were negative. 

February 4, one of the nodes behind the angle of the jaw was excised. 
This node was the size of a lima-bean, soft on section, succulent, and of a 
bluish-gray color, with a thin capsule about it. Smears were made from the 
node-tissue and were examined fresh, suspended in salt-solution, and by the 
ultramicroscope. No bacteria or other parasites were found. Smears stained 
with Giemsa, Jenner stain and India ink also showed no form of parasite. 
Part of the node was fixed in the usual manner, and stained with the ordinary 
laboratory stains, as well as according to the Giemsa method of section stain- 
ing. No parasites were found after careful study of these sections. Histo- 
logical study of the node showed only hyperplasia and hemorrhage. 

Cultures were made from the parenchyma of the node and inoculated on 
serum-glucose-agar, in glucose-bouillon, on plain agar and on blood-agar, pre- 
pared according to the method of Novy and MacNeal (rabbit-blood, one part; 
agar, two parts). Anaerobic cultures were also made from the node material, 
blood-agar and serum-glucose-agar being inoculated. These cultures all 
remained sterile, except for an occasional colony of Staphylococcus albus, 
which was regarded as a contaminating organism. 

SYNOPSIS OF C.^SE 

A review of the important features of this case presents the following points 
of interest: 

A young boy was bitten on the scalp by a rat. After an incubation period 
of two weeks, edema and erythema about the wound occurred. This was 
soon^ followed by fever, chilliness, and swelling of the regional lymph-nodes. 
Incision of the wound did not relieve the symptoms. The patient was admitted 
to the hospital and treated as a case of erysipelas, on account of the extensive 
raised edematous erj’thema which had originated from the wound. Five days 
utter the onset ot these s\ mptoms resolution took place and the temperature 
became normal. •^loderate nephritis was present; the spleen was enlarged. 
This was the end .of the first paroxysm. 
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After a' free interval of eight days, swelling of the regional lymph-nodes 
again took place. Fever, chilliness and dysphagia occurred. There was no 
erythema. After four days resolution was noted, the spleen and nodes only 
remaining enlarged. Temperature again became normal. 

After a second free interval of ten days the third paroxysm occurred, 
being characterized again by swelling of lymph-nodes, followed soon by fever, 
erythema and leukocytosis. Duration ’of this paroxysm was eight days. Com- 
plete resolution of all the symptoms followed, the spleen only remaining 
enlarged. The urine had become normal. 

Throughout the case no marked weakness was noted; emaciation, cachexia 
and sweating were absent. No nerve symptoms were observed. 

Pathological examinations were entirely negative. No parasites were 
observed. 

III. DESCRIPTION OF TFIE DISEASE® 


1. Definition. — Rat-bite fever (Rattenbiss-Krankheit) (Sudoke) is 
a disease incident on the bite of the rat and followed after a variable 
incubation period by a single paroxysm or by regularly recurring 
paroxysms of chills, fever and sweats, lasting a few days, and asso- 
ciated with the occurrence of a local or diffuse bluish-red exanthem. 
The disease is often characterized by marked nervous symptoms. The 
course of the malady is signalized by progressive emaciation and weak- 
ness; the duration is variable, often very prolonged. Fatal cases are 
not infrequent. The actual cause of the disease remains unknown. 

2. Historical Survey . — This disease is best known in Japan; the 
older, and to us inaccessible, Japanese literature is known to present 
several cases, collected and published by Katsura in 1890. More 
recently, in 1899, Miyake'^ published a careful study and analysis of 
about twenty-seven later cases with the additional facts culled from a 
personal experience of eleven new cases. Miyake stated that in Japan 
the disease is a fairly well-recognized one, well understood by the med- 
ical profession and dreaded by the laity. It is noteworthy that the older 
American literature presents many cases sporadically observed and 
published during the last century, almost all occurring duiing the 
settler period of this country’s growth, and before the introduction of 
accurate scientific and bacteriological methods of investigation. An 
occasional reference to this disease is met in the more recent Scotch, 
Spanish and French literature, though general knowledge or lecog 
nition of the clinical picture is never noted. The German literature 
presents no cases up to recent years. As a well-defined clinical enhty 
it is thus noted that the disease has remained unobserved and unde- 
scribed except by the older Japanese physicians. An analysis of the 


3. The facts herein presented are collected from fifty-t%vo cases P 
in the world’s literature up to January, 1914, and the 

4. Miyake: Mitt. a. d. Grenzgeb. d. Med. u. Chir., 1899, v, -3 . 
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incidence and symptomatology of the disease is based on the full 
reports of the following cases : 


Japanese 24 cases 

American 17 (including my case) 

French 2 cases 

Scotch 1 case 

British 7 cases 

Italian 1 case 


3. Etiology. — A. Incidence: The disease seems to have been 
observed in America, Spain, France and Scotland. Miyake attributes 
the frequency of its occurrence in Japan to the simplicity of the abodes 
in that country, the houses being built of wood; the presence of the 
rat as a parasite is encouraged by this fact. Its existence during the 
early days of American settler life is similarly explained by the crude- 
ness of the dwelling-places and the constant presence of the disturbing 
rat. The complete absence of noted cases in the German Empire is 
surprising. 

B. Occupation: Farmers and people leading agricultural lives are 
most frequently affected; also seamen, on account of the known 
tendency of rats to inhabit the hold of ships. All classes of society 
subject to the bite of the rat, however, are subject to the disease. 

C. Age: The age of the afflicted person seems to be variable, the 
injury being the result of accident, and occurring in those whose means 
of livelihood or wandering spirit brings them into the haunts of the 
rat. Grown children, particularly boys, and adult men are the com- 
monest victims. The following figures represent the age incidence : 


From 1 to S years 1 case 

From 5 to 15 years 10 cases 

From 15 to 35 years 11 cases 

From 35 to 55 years 18 cases 

After 55 years 7 cases 


D. Sex: This, depending on ‘the same circumstances, shows a 
natural predominance of males (males, 31; females, 20). 

E. Previous Illness: There seems to be no relationship between 
any previous disease and the occurrence of this malady ; nor does the 
constitutional condition of the person bitten seem to affect the devel- 
opment or non-development of the clinical picture after the initial 
lesion. Miyake, in attempting to explain why only certain instances of 
rat-bite were followed by the development of the typical symptoms of 
the disease, while others failed to show any deleterious after-effects, 
was of the opinion that the constitution of the patient at the time of 
the bite was the deciding factor. This point has not been borne out by 
any of the subsequent writers or by an examination of the literature of 
the earlier cases. 
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F. The Causative Factor : The disease always follows the bite of 
a rat. The type of animal causing the initial trauma has not been 
carefully noted ; usually it is described as a “large brown” or a “large 
black” rat ; it is almost always noted as large — that is, adult size and 
form. The white rat and mice, are not known to cause the picture. 

The condition of the animal at the time of the injury is not well 
understood. Some of the most severe results have followed the wound- 
ing of sleeping persons by wandering and apparently peaceful animals ; 
in other cases the wound has been dealt by an infuriated animal, fight- 
ing to defend its life. The temper of the rat at the time it inflicts 
the wound does not seem to play a role in the incidence or in the 
severity of the ensuing illnes^. 

The question whether all rats, or only some rats, are able to inflict 
the disease is also one of interest. It was claimed that only sick 
rats were infectious ; but this hypothesis must remain for the present 
undetermined, as no instance of the examination of the animal inflict- 
ing the injury is at hand; all the animals have remained at large, 
uncaptured. 

Nor is it claimed that every bite inflicted by a rat on a person is 
followed by the clinical picture shortly to be described, for instances 
are known in which the same individual on several different occasions 
had been bitten without evil consequences, while a subsequent bite has 
resulted in the establishment of a long febrile course with well-marked 
symptoms. The determining factors, both as regards patient and as 
regards the rat, remain for future study to identify. 

To illustrate the point that the previous condition neither of the rat 
nor of the afflicted person is a predisposing factor deciding the severity 
or non-severity of the disease, the following interesting case is quoted 
from the literature (see Cases 35 and 36) : 

Two female children aged, respectively, 12 and 9 years, were bitten 
by the same rat at the same time. The first child developed the disease 
in a mild form, lasting only four weeks, and intermittent in character. 
The second child developed an extremely severe type, the temperature 
being at first continuous, then intermittent, the course lasting four 
months, and threatening the life of the sufferer. 

G. Location of Wound : The site of the injury was as follows : 


U 




Face and head 

Hand and arm 

Leg and foot ^ 

There is no evidence that the location of the wound determines the 
severity of the illness to follow. The face and head injuries seem to 
run a more severe course, the average incubation period for head an 
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face injuries being eight days, as opposed to fourteen days for 
extremity wounds. The average duration of the disease resulting from 
head injuries is sixty days; from extremity injuries, sixty-six days. 
The eventual prognosis as to life is unaffected by the site of the wound. 

As to the actual nature of the injury inflicted, the severe results 
seem to follow the more superficial injuries-; slight scratches in which 
not even blood is drawn may be followed by a severe clinical course, 
while deep penetrating wounds may give rise only to the mildest 
pictures. 

It is also difficult to understand why in a case in which a person 
receives simultaneously several bites from an animal, all except one 
injury should become quiescent, while the one shows the typical inflam- 
mation and induration associated with the recurring paroxysms. 

4. Pathological Anatomy . — But little is known on this subject. In 
practically every case the local wound heals without incidence until the 
occurrence of the paroxysm, when there is noted a painful swelling 
and indurated, firm edema about the bite-wound. The nature of the 
disturbance about this point seems to be of. an inflammatory character ; 
vesicle formation may occur ; frequently ulceration, superficial or deep, 
is noted. Occasionally a progressive sloughing or necrosis of the 
• tissues is seen, though the latter grave pathological changes are 
unusual. A secondary and lasting atrophy of the member may follow 
the resolution of the process. Suppurative inflammation, or distinct 
phlegmon, is practically unknown. Examination of the regional lymph- 
nodes, practiced in a few instances, demonstrated only hyperplasia. 

Twice only has a necropsy been performed in fatal cases. The 
results have been briefly summarized by Miyake as an increase of cere- 
brospinal fluid and congestion of the pial vessels. No further path- 
ological changes are recorded; detailed post-mortem findings are not 
accessible. The bacteriological and biological studies gathered from 
the literature will be discussed in a subsequent paragraph. 

5. Symptomatology . — The clinical picture of a typical case of rat- 
bite fever is as follows : 

. A. General Description: The infliction of the wound is followed 
by an incubation period averaging twelve days. During this time the 
local lesion usually heals uneventfully and the patient remains uncon- 
scious of the fact that he is harboring a pathological process. The 
first paroxysm is ushered in by a chill or repeated chills, malaise, 
inability to work; the site of the wound begins to swell, and becomes 
indurated and bluish-red ; the lymphatic vessels stand out inflamed and 
reddened, and the regional lymph-nodes show early inflammatory 
enlargement. Within a few hours fever is established, usually from 
103 to 105 F. ; the pulse becomes rapid and small, the patient much 
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prostrated. Marked sweating, occurring throughout the paroxysm, 
marks the remittent drops of temperature. The fever, chills or chilli- 
ness and local inflammation continue throughout the duration of the 
paroxysms. After one or two days, a bluish-red raised exanthem’ 
appears on the body, sometimes locally in the vicinity of the wound, 
sometimes universally. This rash lasts as long as the paroxysm, and 
disappears with it. Marked nervous symptoms may occur ; the reflexes 
are increased, hyperesthesia or paresthesia is complained of ; pareses 
may appear; dysphagia, muscle pains, etc., may be prominent. The 
urine frequently shows the presence of a nephritis, varying from mild 
to very severe. After a variable duration, varying from four to five 
days, the paroxysm is terminated by profuse sweating. 

A free interval now occurs during which the patient is exhausted 
and suffers from general weakness. He is usually unable to leave his 
bed or undertake any work. At the end of the free period (from three 
to five days) the second paroxysm appears, this again being followed 
by a free interval. This order of alternating paroxysms and periods 
of release from symptoms continues for a variable period; there may 
be only one attack, or there may be as many as twenty-six. 

The disease usually exhausts its strength as it progresses ; the suc- 
ceeding paroxysms occur at longer intervals, and are maintained for a 
shorter time, until finally all active symptoms cease. Throughout the 
course, and long after it, loss of nutrition is marked ; cachexia may be 
severe, convalescence is prolonged and the patient’s natural strength 
returns but slowly. 

The fatal cases are severe from the onset ; the course is a short and 
stormy one ; nephritis is usually the direct cause of death. . 

B. Description in Detail: Incubation Period: The duration aver- 
ages twelve days. In the severer and more prolonged cases, this period 
is shortened to one, two, three or five days ; it may, however, be pro- 
longed, particularly in milder cases, to eighteen, twenty-one or twenty- 
six days. Thus, the incubation period endured one to five days in 
eleven cases; six to fifteen days in twenty-seven cases; sixteen to 
thirty-five days in ten cases ; sixty days in one case. The relation o 
the incubation period to the duration of the illness is shown in the 
following tabulation: 

Incubation Period Duration of Illness 

From 1 to 5 days Ill 

From 6 to 15 days SO days 

. From 16 to 35 days ^4 

Thus it is seen that the severer and more prolonged cases have a 
shorter incubation period ; in fact, in two cases the incubation perioc 
was a matter of hours. These may be regarded as fulminating cases. 
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In the older Japanese writings, cases are discussed in which the 
incubation period was said to have extended over from six months to 
a )'ear, but the facts in these cases remain open to doubt. The two 
cases reported of symptoms occurring within a few hours of the inflic- 
tion of the injury (Cases 16 and 41) both terminated fatally. 

The incubation period is usually free of untoward symptoms ; the 
wound heals primarily by first intention in the majority of cases, and 
the bite is forgotten before the first paroxysm occurs. 

Prodromata: These consist usually of swelling and induration 
occurring about the site of the healed wound. The lymphatics that 
drain the area stand out prominently, reddened and tender. Associated 
with a localized bluish induration there is frequently seen a broad area 
of edema. The regional lymph-nodes are very soon involved, swollen 
to the size of a bean or hazel-nut, tender and discrete. 

The general symptoms are those of a toxemia; there is malaise, 
headache, pains in the muscles and back, and tenderness along the 
main nerve trunks. After one or two days of these symptoms the first 
paroxysm occurs. 

Onset : The paroxysm is ushered in by a chill, or chilliness, and a 
rapid rise of temperature. The temperature may reach 103 or 105 F., 
remaining practically continuous, with slight remittences, throughout 
the duration of the active symptoms. The chill may be frequently 
repeated throughout the course; profuse and drenching sweats are 
frequent, non-odorous, usually described as “cold sweats.” The fever, 
coming to an end by crisis, is marked by a profound sweat. Occa- 
sionally, mild cases are met, described as afebrile. These are 
uncommon. 

The most common type is the intermittent type, in which the fever 
recurs with every paroxysm and persists throughout its duration. 
Some of the paroxysms, occurring late in the protracted course of the 
intermittent type of the disease, may be afebrile, the general symptoms 
being noted, but fever remaining absent. A continuous type of tem- 
perature occurs infrequently. In this variety the disease seems to 
consist of one prolonged seizure ;• there are no relapses. 

The local changes occurring at the onset have been described above ; 
there are few variations to be noted. Not infrequently in severer 
forms of the malady a vesicular eruption occurs about the wound. 
The vesicles may rupture and ulcerate; when this occurs, the ulcera- 
tion may be progressive and profound; deep sloughing of the edges 
may be the precursor of a localized gangrenous process, persisting for 
months and followed by lasting atrophy and disuse of the member. 
.Suppurative inflammation is almost unknown; when it does occur it 
is always secondary to an open wound which has not received proper 
attention. 
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\ Primary incision of the inflammatory zone occurring locally with 
ekch paroxysm, is always futile. 

\ The lymphadenitis is marked, and is, moreover, persistent; the 
nodes, once swollen, remain so throughout the course of the disease. 
They partially resolve during the free intervals, only to reassume their 
inflammatory characteristics just preceding the establishment of each 
paroxysm. 

The Paroxysms : Number : There may be only one paroxysm, short 
and mild ; this is the abortive form of the disease. There may be only 
one attack, but this may be eminently severe and toxic, and end fatally. 
There usually are from three to ten repetitions of the seizures ; as many 
as twenty-six have been recorded. As the disease progresses, the 
paroxysms occur at greater intervals and are less severe in nature. The 
fever may absent itself ; when it does, the toxic symptoms are materiall}^ 
modified and more easily borne. 

Duration : This is usually five days ; less often only three days , 
occasionally, and more particularly in that class of case consisting of 
one paroxysm, up to twenty days. Prolonged cases beginning with 
paroxysm of five-day type, may show late in the course paroxysms of 
one-day type. On the other hand, milder cases may show only repeated 
one-day seizures, with long intervals separating them. 

Interval; The interval between attacks averages four days; fre- 
quently shorter, rarely longer. An attack occurs always at least once 
a week; the interval is prolonged as the disease progresses towar 
favorable termination. 

Nature of the Exanthem; It consists of a few large spots, 
in size from that of a dime to that of the palm of a han > ^ ^ 
raised or flat circulate .spots. The lesions are bluish-re in co or, 
erythematous rather than urticarial. 

Situation; Usually generalized over the body, ° ’ 

occupying only the region in the neighborhood of the woun . 
sionally vesicles or pustules are observed interspersed wit e J 
ematous spots. A distinct urticarial generalized eruption, _ 
toward the end of the course, was twice noticed. A purpuric eru 


is once referred to. ,, . j 'a 

Gastro-Intestinal Symptoms; The tongue is usua y coa 
white. Nausea is common with the paroxysms. ^ Constipa lo 
diarrhea not at all infrequent, though usually mild. 

Prominence is given in a number of reports to t e , 

dysphagia, coming on early with every recurring paroxysm, co 
absent in the interval. It is usually associated with . 

sionally with huskiness of the voice, or even aphonia. has 

may be so severe as to resemble rabies, with whic ra ^ ^ 
been confused. The liver and spleen are occasionally en ar^jC 
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Respiratory Symptoms : In prolonged and fatal cases, terminal 
pneumonia has been noted. 

Vascular Symptoms: No reference is made to acute cardiac con- 
ditions as symptoms. Chronic endocarditis is once noted as a com- 
plicating factor. Myocardial weakness occurs as a result of the severe 
toxemia. The pulse is usually recorded as rapid and small. 

Renal Symptoms : Nephritis was observed nine times in this series 
of fifty-two cases. It is a severe, often fatal complication ; in fact, the 
most frequent cause of death. The nephritis seems to be of the nature 
of a glomerular affection of the kidney. The urine shows variable 
amount of albumin and hyaline and granular casts. 

Examination of the Blood : See later under Results of Pathological 
Examinations. 

Nervous Symptoms: The symptoms referable to the peripheral 
nerves and spinal cord are frequently encountered and form one of the 
prominent features of the clinical picture. There is an increase in the 
tendon reflexes ; also stiffness about the joints in the affected extremity ; 
paresthesias and hyperesthesias are common. Extremities may show 
a lasting atrophy after the cessation of active symptoms. Persistent 
neuralgic pains, referred to the main nerve trunks, have been noted for 
years after convalescence. 

The highest centers seem to be affected during the height of the 
morbid process. Marked irritability, associated with rigidity of the 
neck, is common ; this may progress to active delirium or give place to 
stupor or even profound coma. Reference is made once to the occur- 
rence of hemiplegia. 

6. Course and Duration of the Disease , — The duration varies from 
a few days to six months, the average being about two months. The 
following tabulation presents this more precisely : 


Duration No. of Cases 

Less than one week 2 

From 1 to 4 weeks 10 

From 1 to 2 months 3 

From 2 to 4 months 6 

6 months 2 

2j4 years 1 


In the case cited by FrugonP (Case 52) the course of the illness was 
protracted for two and one-half years, though there were long intervals 
of health between the later attacks. 

In order to understand the variability in the symptoms and in the 
prop-ession of this illness, it is necessary to classify the cases on the 
basis of the duration of the symptoms and the character of the 
paroxysms. We may thus recognize the following groups: 

5. Frugoni: Berl. klin. Wchnschr., 1912, xli.x, 253. 
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A. Afebrile Type: This is a rare form, characterized by the 
occurrence of subjective symptoms of a mild nature. Neither rash nor 
nerve symptoms have been observed. The duration is a few days, and 
the first paroxysm is also the last. These are usually ambulatory cases. 

B. Type with Continuous Temperature: There are two subtypes. 
The first is an abortive form consisting of a single paroxysm, asso- 
ciated with fever and marked subjective symptoms; the entire picture 
disappears in a few days. The second is a severe, usually fatal, form 
in which the symptoms are initiated by a severe chill or chills, high 
temperature and oppressive toxic phenomena. The course is progres- 
sive, uninterrupted by free intervals ; the local symptoms are marked. 
Nephritis is early established and the fatal issue may occur within one 
week of the onset of the. symptoms. 

C. Type with Intermittent Temperature: This is the common 
and most frequently recognized type. It has been fully described 
earlier in the paper. Its duration is about four weeks, but the parox- 
ysms have been observed even after six months. It constitutes over 
50 per cent, of the cases. The progressive and marked cachexia and 
emaciation constitute one of the most prominent points in the course. 

D. Miscellaneous Types : Under this heading may be included 
Case 32, reported by Banker,® in which the local symptoms predom- 
inate, sloughing and gangrene of the wound being progressive and 
death resulting from the severity of the nephritis; also Cases 16 and 
41, in which the symptoms seem to have been established directly on 
reception of the injury, or within a few hours. The incubation stage 
was absent, and the severe toxic subjective phenomena that almost 
immediately seized the victim culminated in an early death. 

7. Prognosis . — This is, in general, good. In the series of cases 
herein cited, fifty-two in number, five (or about 10 per cent.) ended 
fatally. The majority of cases run a milder or severer intermittent 
course in which each succeeding paroxysm is weaker than the preced- 
ing one, until in time all the symptoms disappear. The loss in strength 
and weight persists long after the cessation of active symptoms, but it, 
too, ceases in time. The fatal cases are usually short, violent and 
stormy in their course; nephritis and marked nerve symptoms early 
supervene ; delirium, stupor and coma attest the severity of the toxic 
phenomena. 

8. Treatment . — Until recently it has generally been considered that 
there is no specific remedy -for rat-bite fever. Arsenic in different 
forms, iron, salicylates, potassium permanganate, have all been used 
without affecting the course of the disease. 


6. Banker: Am. Pract. and News, 1886, new series, xi, 70. 
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The prophylactic treatment has been strongly urged by Miyake. 
He has used early cauterization with phenol (carbolic acid) in all 
instances of animal bites, and since utilizing this method has not seen 
the development of the clinical picture. 

In 1912 Hata^ published his series of cases from Japan, in which 
salvarsan had been given intravenously. The injections were admin- 
istered in the course of the febrile paroxysms, usually in the presence 
of fever, from twelve to ninety days after the bite had been inflicted. 
The result in all the instances was remarkable, the temperature falling 
immediately to normal ; in only one instance was there a febrile reac- 
tion. In two of the eight cases reported, an abortive paroxysm fol- 
lowed the injection; this marked the last of the active symptoms. 
Twice it occurred that after an interval a relapse took place ; in one of 
these cases a second injection of salvarsan resulted in a complete cure. 

Thus it is noted that salvarsan, here as in syphilis, seems to exert a 
specific influence. 

9. Results of Pathological Examinations. — Blood-cultures and 
blood-smears have failed to throw any light on the etiological factor or 
agent of the disease. The local focus has been repeatedly examined 
for evidence of parasites, but with the exception of the presence of 
pyogenic bacteria in one case (sloughing ulcer of the extremity) no 
offending organism has been ascertained. Excised nodes show hyper- 
plasia and congestion. In one case an excised nodule from the ham- 
string muscles added no information. 

Ogata,® in his two cases, has described parasitic organisms in the 
blood, in smears from excised lymph-nodes, and in smears from the 
local lesion. These organisms are uniformly similar in nature, and 
are classed by him among the sporozoa. He has observed them to 
fecundate and produce sporozoites ; merozoites also occur. Ogata 
further reports favorable results with attempted transmission of the 
disease to animals ; his rabbits were easily inoculated, and not only did 
not survive the disease, but extirpated glands from these animals 
inoculated in a second group of rabbits caused the establishment of the 
characteristic symptoms in the latter. Ogata found the organisms in 
both of his cases. His work has not been confirmed by the more recent 
observers. 

Examinations of the blood during life show a slight anemia early 
in the course of the disease; later an advanced anemia becomes estab- 
lished. The white blood-corpuscle count, taken between the febrile 
paroxysms, is not increased ; taken at the height of the fever, there is 

7. Hata: Mimchen. med. Wchnschr., 1912. Hx, S54. 

8. Ogata; Deutsch. med.' Wchnschr., 1908, xxxiv, 1099. 
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a well-marked leukocytosis varying from 16,000 to 21,500. The rela- 
tive proportion of polymorphonuclear leukocytes may rise to 87 per 
cent. An increased proportion of eosinophils may. be present, on three 
different occasions observed to be 8, 11 and 15 per cent.; in another 
case 5 per cent. 

Blood-cultures have failed to throw any definite light on the eti- 
ological factor. In addition to the observations of Opta just men- 
tioned, Middleton'’ (Case 47) reports the finding of a diplococcus once 
in a blood-smear and culture. Proescher2 j-gports the finding of minute 
bodies in smears of the blood (Case 40). 


IV. SUMMARY 

What is the nature of the disease? Are we dealing with the results 
of a living parasite, transmitted from the rat to man by means of a 
bite, or is this a disease caused by the implantation of a peculiar and 

highly toxic substance ? , • r 

In the nature of its course it resembles most clearly relapsing fever, 
the febris recurrens of the Asiatics and Europeans. The diseases 
resemble each other in the intermittency of the symptoms ; the incu a- 
tion period in both is variable. In its favorable reaction to sa 
the disease has a common factor with both syphilis and relapsing feve - 
but more particularly with the former. The finding of ^ f f j " 

the cause of both these latter diseases suggests this as the etio o^ 
factor in this malady. In the prominence of the nervous symp 
and the post-febrile paralyses, rat-bite fevei reca s re apsing 
The one reported post-mortem examination in this ^ ^^-^^pcnilar 

serous meningitis, with increase of cerebrospinal flui . 
paraplegias and atrophies recall the tabetic lesions of ues. ^ 

Many authors have indicated a belief in one of the ° Unap 

tozoa as the etiological factor, but with the exception o ^ 
work has unfortunately not been confirmed, such parasi 
been observed. Again, the dysphagia, so marke in 
mind rabies, of late again suspected of being a protozoic isea . 

Many of the symptoms of this malady might e t e ^ 

powerful toxin elaborated at the site of the wound and 
along the regional nerve paths to the “en- 

Sion of the toxin to the posterior ganglions might regain jail *e 
dvsphagia symptoms analogous in rabies. n^ le = created, 

reported by Banker, the possibility of a neuro-toxi , atrmhy and 
must be considered. Banker remarks on the permanent atrophy 


9. Middleton: Lancet, London, 1910, i, 1618. 



BURRILL B. CROHN 


1031 


paralysis of the arm only, following on a bite of the hand of the same 
limb. 

To summarize, the point in' favor of a spirochete as the causative 
agent is the similarity of the disease to relapsing fever and syphilis, 
as regards both the marked nerve symptoms and the apparent curability 
by salvarsan. In favor of a protozoan cause is the alternation of the 
paroxysms with afebrile periods, recalling the effects of the malarial 
plasmodia, though this occurs also in spirochetal diseases. 

That the disease is actually caused by living parasites seems strongly 
upheld by the success of both Proescher and Ogata in inoculating suc- 
cessive generations of guinea-pigs, thus reproducing many of the essen- 
tial characteristics of the disease. 

Appended is a summary of the cases gathered from the literature 
on which these generalizations have been based.^° 

CASES FROM LITERATURE 
JAPANESE CASES 

Case 1 (Irishawa“). — Girl, age 7, bitten on the left index-finger; wound 
healed in three days. After incubation period of eight days local inflammatory 
reaction, lymphangitis and axillary lymphadenitis. Two days later, fever. 
Bluish-red exanthem on arm after seven days. Course, irregular fever, marked 
delirium and stupor at times. Spleen not enlarged. Urine negative. Duration 
three months. Recovery. 

Case 2 (Miura and Toriyama^"). — Woman, aged 32, bitten on middle toe 
of foot; incubation period fifteen days. Intermittent febrile course; paroxysms 
three days in duration, introduced by chills and characterized by vomiting, 
muscle pains, headaches, increased reflexes, peripheral pareses, and mild edema; 
increasing severity, finally collapse and death. Necropsy reported as negative. 
No details given. 

Case 3 (Miyake*). — Woman, aged 43, bitten between thumb and first 
finger; superficial wound, healing in three days. Incubation period ten days. 
Chills, fever, sweat ; wound becoming red, swollen and painful. Tongue clouded, 
moist; pulse rapid; temperature 103 F. Edema of arm and cervical region. 
Thumb much swollen. Over upper extremity bluish-red exanthem from size 
of five-cent piece to that of palm of hand. Marked lymphangitis and regional 
lymphadenitis, general muscle tenderness. Temperature intermittent type, 
paroxysm three days in duration. Course not followed. 

Case 4 (Miyake). — Man, aged 47, middle finger bitten, next day gen- 
eral reddening of finger. Incubation one week; swelling of forearm; fever and 
chills and associated typical exanthem. Patient markedly prostrated. Tongue 
coated. Spleen not enlarged. Course not followed. 

Case 5 (Miyake).-— Boy, aged 6, slight superficial bite on nose, inflicted 
during sleep. Incubation period three days. Swelling of wound accompanied 


10. In perusing the literature it has not been unusual to meet with instances 
of the bite of animals other than the rat. The bite of the cat and of the weasel 
are distinctly described as giving rise to symptoms similar to the disease under 
discussion ; nor are the results of scorpion and spider bites very much dissimilar. 

11. Irishawa: Tokyo med. Ztschr., 1897, xi. 

12. Miuri and Toriyama: Tokyo med. Ztschr., 1897, xi. 
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by chills and fever and appearance of exanthem on face. Slight diarrhea. 
Pulse rapid. Temperature moderate. Glands of neck swollen, plum-sized and 
tender; nose entirely swollen. General edema of face. Course, good; no 
return of symptoms. 

Case 6 (Miyake). — Man, aged 40, bitten seventy days before on nose. Five 
to six days later face swollen ; fever lasting four days. Slight diarrhea present. 
Prostrated ; marked anxiety. Irregular return of fever. Duration about 
seventy-eight days. 

Case 7 (Miyake). — Man, aged 27, very severe bite on hand. Wound healed 
uneventfully. Incubation period fifteen days. Paroxysms beginning with 
repeated severe chills. Fever, malaise and pains in joints; profuse sweating. 
Swelling of wound; duration of paroxysm not noted. After five days free 
interval, recurrence. Only at third attack were lymphangitis, lymphadenitis 
and exanthem noted. Physical, examination two months after bite; patient pale, 
poorly nourished, complained of great pain on movement of right arm. At site 
of bite dark reddish scar, soft tissues up to elbow swollen, very painful. 
Exanthem on arm, axilla and neck. Areas of hyperesthesia and increased 
reflexes. Generally lymph-nodes not enlarged. With the onset of fever, great 
prostration, oppression, stiffness of neck, headaches. Irregular, intermittent, 
periodic temperature; interval varying from five to eight days between attacks. 
After ninth and tenth attacks a general urticaria noted. Result, recovery. 

Case 8 (Miyake). — Man, aged 55, superficial bite on forehead, incubation 
eighteen days. Onset with fever and prostration followed in three days by 
the appearance of a generalized exanthem. Physical examination seven weeks 
later; patient poorly nourished, markedly cachectic, scar of bite bluish-red, 
infiltrated. Face edematous. Diffuse and profuse erythematous exanthem oyer 
body. Cervical glands markedly swollen. Paresthesias. After several attacks, 
appearance of an urticaria. Course, tWo and a half months. Result, recovery, 
except for persistent and marked malaise and emaciation. 

Case 9 (Miyake). — Man, aged 41, slight bite on finger. Incubation period 
two days, followed by swelling of finger and. appearance of fever; slight gen- 
eral edema over body (old cardiac condition). Urine shows albumin and 
casts. Blood examination negative. 

Nephritis disappeared with the cessation of illness. Course not followed. 

Case 10 (Miyake). — Man aged 32, several bites received at same time, arm, 
cheek and thumb; after twenty-sixth-day interval swelling of arm noted; axil- 
lary glands much enlarged. From wound in thumb streptococci and StaphyL 
ococcus aureus cultivated. Nephritis present. Temperature fell by crisis. 
Course, intermittent rise of temperature, third paroxysm beginning with sub- 
jective symptoms, but only rise of temperature and a few new spots appearing. 
Result, recovery. 

Case 11 (Miyake). — Female, age not noted, penetrating bite of finger. 
Incubation period three days. Severe paroxysm lasting twenty days. Physical 
examination six months after bite: Patient poorly nourished, emaciated, wound 
entirely healing, cervical glands swollen, sternal tenderness and muscle pains 
persist; persistent general malaise; every attempt at mild physical exercise fol- 
lowed by rise of temperature. 

Case 12 (Miyake). — Woman, aged 34; patient bitten previously four times 
by a rat, without sequelae. Ten days after the last bite on hand, pain in wound, 
swelling and induration. Attacks last five days; recur after three-day free 
interval. Patient shows marked cachexia, dark induration of wound, marked 
diarrhea. Paroxysms initiated by chill and rise of temperature; during the 
height of fever marked stupor. Temperature falls by crisis. Course one month, 
(No interference remarked with nursing child.) 
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Case 13 (Miyake).— Man, aged 30, finger strongly bitten. Incubation 
interval eight days. Marked diarrhea. After one month pale, cachectic and 
sick-looking. General circular exanthem. Blood negative. Course not noted. 

Case 14 (Ogata,® Tokio,' 1908) .—Woman, aged 45, bitten on wrist; incuba- 
tion ten days followed by chills, fever, pain and redness in wound, and local 
vesicle formation. Three attacks repeated at three-day intervals. At point 
of injury, bean-sized ulcer formed, with undermined edge; axillary glands 
swollen. 

Case 15 (Ogata, Tokio,' 1908).— Woman, aged 44, bitten on forehead; pro- 
fuse bleeding, rapidly increasing edema noted. Edema persistent, forehead 
swollen, eyes closed, deep necrotic ulcer at site of bite. Ulcer covered by black 
crust. Thick purulent discharge. Cervical glands enlarged. On thigh one 
large erythematous spot with two tiny vesicles. These latter vesicles contain 
thick mucoid serum. Complete pathological studies made of blood, ulcers and 
extirpated glands in both cases. Author found pictures resembling amebic para- 
sites. (See discussion in article.) 

Case 16 (Nishimura,“ quoted by Miyake). — ^Woman, aged 63, bitten on left 
eyebrow; slight abrasion. Next day cold sweat, palpitation. By afternoon of 
succeeding day dizziness, tiredness, slight, dull pain in wound. Dyspnea, gen- 
eral paralysis; partial suppression of urine, collapse symptoms. Two and a 
half days after bite swelling of face. Death in collapse on tenth day. 

Case 17 (Taniguchi, quoted by Hata’). — ^Woman, aged 62, bitten on two 
successive nights on left eyebrow; ten days later infiltration, reddening, and 
swelling of entire left face, neck and breast; fever and chill; paroxysm lasted 
four days; returned at intervals of three to four days. Emaciation, infiltration 
of wound, localized erythema ; enlarged regional lymph-nodes ; anorexia, head- 
ache, delirium, malaise. During fifty days, eight attacks of three days’ dura- 
tion. On third day of each paroxysm always crisis with sweating. Quinin and 
arsenic without result. After the eighth attack, case regarded as hopeless. 
Salvarsan 0.4 gm. injected. Only one attack thereafter and then within four 
weeks patient was entirely well. Later relapse, lasting for four attacks; no 
particular treatment. 

Case 18 (Taniguchi, quoted by Hata’). — Girl, aged 16; three wounds on 
nose; seventeen days later chill, fever and pain in wound with swelling of face. 
Fever continues, then intermittent, with two-day intervals. Emaciation, edema 
of face, swelling of glands, anorexia, etc. Intervals, from two to three days. 
Duration three days. At third attack 0.4 gm. salvarsan. One attack of fever 
without subjective symptoms after injection. Then well. 

Case 19 (Katayama, quoted by Hata’). — Woman, aged 29; bitten on right 
cheek; very soon increasing redness, etc.; swelling of glands, fever, anemia, 
malaise. Incised two weeks later. Thin pus; salvarsan 0.3 gm. intravenously. 
Complete local and general recovery almost immediately. 

Case 20 (Katayama, quoted by Hata^. — Child, aged 10; left foot bitten. 
Incubation period fifteen days. Edema, swelling, incision and escape of thick 
pus. Urticaria, fever; necrosis of wound. Fever becomes remittent. General- 
ized adenitis. Salvarsan 0.3 gm. Immediate critical fall of temperature and 
patient thereafter well. Recurrence; further course not followed. 

Case 21 (Shibukama, quoted by Hata^ .—Woman, aged 79, bitten on left 
arm. Several weeks later swelling, reddening, etc., which gradually disappeared. 
First rise of temperature two and a half weeks after bite. Seven attacks in one 
month. Duration of attacks three to tour days. Salvarsan 0.6 gm. Recovery 
immediate. 


13. Nishimura: Quoted by Miyake, Note 4. 
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Case 22 (Sakurane, quoted by Hata^.— Woman, aged 37. Left wrist bit- 
ten; after ten days, swelling; thirteen days, fever, chill, etc. Salvarsan three 
weeks after bite, followed by reaction of chill, fever and local pain. Then 
recovery. 

Case 23 (Shimizu, quoted by Hata’) — Girl, aged 2j4' years; bitten on right 
ankle; after one month, swelling, edema, exanthem. Rise of temperature every 
day. Spleen palpable; localized symptoms greatly exaggerated. Salvarsan 
0.09 gm. three months after bite. No symptoms for ten days, then relapse. 
Salvarsan 0.1 gm. Immediate recovery. 

Case 24 (Yosikawa, quoted by Hata^). — Man, aged 22, bitten on finger. 
Local symptoms marked. Febrile attacks for two months. Then salvarsan 
0.4 gm. Rise of temperature to 40.1 C. Immediate fall of temperature. 
Recovery. 

AMERICAN CASES 

Case 25 (Watson,^* 1840). — Seaman, aged 55, bitten over right eyebrow, while 
sleeping; incubation period two weeks. Swelling of face, neck, painful indura- 
tion. Marked dysphagia. No constitutional disturbance. No fever noted. 
Wound scarified; gradual subsidence of symptoms and inflammation; no 
recurrence. 

Case 26 (Packard,^® 1872). — Boy, aged 7, bitten on finger; after two weeks 
redness and swelling; gland in axilla enlarged; wound incised; no pus found. 
Three days later appearance of erythema over arms, shoulder and body, 
marked muscle tenderness, high fever; disappearance in five days; occasional 
recurrence of rash without constitutional symptoms. 

Case 27 (Earle/® 1872). — Man, aged 40, bitten on hand. Wound healed in 
two days. After nine days local reaction. Tongue coated; erysipelatous con- 
dition. After four days return of symptoms, local and general. Glands enlarged ; 
chilliness. lodin used freely. Second paroxysm, duration five days. 

Case 28 (Reece, 1872). — Man, aged 38, farmer; bitten on finger. Incuba- 
tion period ten days; local reaction, fever, chilliness, malaise; great pain in 
finger. lodin used locally. On the fourteenth day, incision, which was nega- 
tive except for a little yellow serum. On the seventeenth day, dysphagia, 
soreness of muscles, mental fear. On the eighteenth day, local necrosis ; marked 
sweating. On the twenty-first day, recurrence, perspiration, enlarged glands. 
On the twenty-ninth day, abscess in axilla of same side; 2 ounces of pus 
removed. After six weeks patient not entirely well, nervous and weak, easily 
exhausted; pustular rash appeared lasting several days; marked muscle pain 
persists; after six months still unable to do any hard physical work. Dyspnea, 
palpitation and weakness on exertion. 

Author quotes another case of bite on shoulder in sleeping baby; diffuse 
erythema occurred in a few days. General. vesicular rash. Duration five days; 
recovery. 

Case 29 (Banker,® 1886). — Man, aged 20, bitten on forefinger. Incubation 
five days; generalized pains, localizing in twenty-four hours in finger. At local 
site a tiny vesicle appeared ; general darkening and induration of bite. Marked 
lymphangitis, chills; temperature 105.5; pulse 110. Slimy, mucilaginous saliva. 
Urine almost suppressed. Marked headaches, sleeplessness, delirium and hal- 
lucinations, general erythema and vesicle formation. Duration of first 
paroxysm, two weeks. After short interval recurrence lasting two months. 


14. Watson: New York Jour. Med. and Surg., 1840, iii, 363. 

15. Packard: Philadelphia Med. Times, 1872, ii, 408. 

16. Earle: Chicago Med. Examiner, 1872, xiii, 3. 

17. Reece: Chicago Med. Examiner, 1872, xiii, 5. 
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General edema and rapid emaciation. After four months lung signs appeared 
and death occurred. No urine examination. Death apparently due to nephritis, 
but whether exacerbation of an old nephritis or whether acute nephritis fol- 
lowing the rat-bite, not determined. 

Case 30 (Banker, 1886). — Woman, aged 35, bitten on hand. After three 
days pain in wound; after ninth day soreness and swelling of finger; marked 
lymphangitis. Incision of local site ; no pus obtained. Induration, swelling and 
lymphangitis persisted for two months. Atrophy and hemiplegia of same 
extremity occurred, atrophy remaining almost permanently. Persistent neuralgic 
pains occurred down arm indefinitely afterwards. 

Case 31 (Banker, 1886). — Woman, finger; incubation period ten days; pur- 
plish vesicle appeared locally; typical course and symptomatology. Secretions 
noted as being checked. Marked sleeplessness; occurrence of generalized 
erythema. Course four weeks ; no relapses. 

Case 32 (Banker, 1886). — ^Woman, aged 70, bitten on hand; five days’ incu- 
bation ; wound did not heal for six months ; constant sloughing ; early dropsical 
symptoms; death. No necropsy. 

Case 33 (Cook,^® 1885). — Boy, aged 11, bitten on right hand by an enraged 
and caged animal. Incubation two weeks. Generalized edema. Marked lym- 
phangitis. Generalized purplish erythema. Fever and diarrhea. General 
enlargement of all glands of body. Result, recovery. 

Case 34 (Evans, “ 1901). — Boy, aged 8, hand; incubation period two weeks; 
local and general reaction lasting one day only. After this, every week for 
nine weeks had recurrence of fever and constitutional symptoms lasting two 
to three days. Third week appearance of general erythema. Hemoglobin, 70 
per cent; red blood-cells, 4,200,000; white blood-cells, 16,200; polymorphonu- 
clears, 87 per cent. ; lymphocytes, 8.5 per cent. ; eosinphils, 5 per cent. ; blood- 
culture, Bacillus subtilis. Course, recovery. 

Cases 35 and 36 (Evans, 1901). — Girls, aged 12 and 9 years, bitten at same 
time by same rat. Three weeks later on same day both took sick, temperature 
105 F. ; both seats of injury swollen. Older child for four weeks had paroxysms 
lasting one day, with local swelling, fever and erythema; younger child had 
continuous fever for six weeks, then intermission first of one, then of a few 
days, then of a week; well in four months; marked exhaustion following. 

Case 37 (Wilcox,^ 1839). — Man, aged 40; bitten on root of thumb; incuba- 
tion twelve to thirteen days; three paroxysms, lasting four to five days each, 
with four days free interval; subjective symptoms very severe, with delirium. 
Constipation noted. Local slough of bite. Recovery. 

Cases 38 and 39 (Gilliam,^ 1869). — Mother and son, both bitten by rat at 
night. Superficial abrasion; two weeks’ incubation. Child showed swelling of 
finger and fever. Two days later similar symptoms noted in mother. Mother’s 
finger advanced to slough, finally healing. Child showed enormous tender swell- 
ing of finger, marked constitutional symptoms, irritability of stomach and intes- 
tines, erythema, blotches on skin, malaise and finally death. Child was bitten 
in two places, but the bite that did not bleed was the site of the inflammation. 

Case 40 (Proescher'). — Boy, aged 7, superficial bite on dorsum of hand; 
after ten days walnut sized swelling, slight tenderness. On upper and lower 
arm pale, bluish-red areas of regular outline; regional glands enlarged. Liver 
and spleen not enlarged. 


18. Cook: Indiana Med. Jour., 1912, ii, 77. 

19. Evans: Tr. Chicago Path. Soc., 1901-1903, v, 298. 

20. Wilcox: Am. Jour. :Med. Sc., 1839, xxvi, 245. 

21. Gilliam: Cincinnati Lancet and Observer, 1869, .xii, 16, 



1036 


THE ARCHIVES OF INTERNAL MEDICINE 


Red blood-cells, 4,700,000; white blood-cells, 8,000; polymorphonuclears, 77 
per cent.; eosinophils, 1.1 per cent; myelocytes, 0.8 per cent Wound punc- 
tured and slight bloody fluid obtained. 

^ On twenty-first day after bite, sudden rise of temperature to 105 R, main- 
tained for one day. Fall of temperature by crisis, and remaining at normal 
[caused by puncture (?)]. During fever, white blood-cells, 21,500; polymorpho- 
nuclears, 78 per cent 

Excision of wound site. Second rise of temperature to 101 R, lasting only 
a few hours. Arsacetin 7j4 grains given hypodermically. Second injection of 
15 grains given same day. 

Albumin and hyaline casts in urine. 

Two months later boy well, but urine still showing albumin and hyaline 
casts. 

Pathological Examinations, — Peculiar formations in red blood-cells, con- 
tained in hemoglobin-free zone; they consist of minute formations of deep red 
color, refracting light Also larger formations, 2 to 3 microns in size. In one 
cell, appearance of mitosis seen. No bacteria or protozoa found. Anaerobic 
and aerobic cultures negative. Anaerobic and aerobic cultures of tissue negative. 

Pathologic Changes in Tissues: Young connective tissue elements; prolifer- 
ation; endothelial cell increase, clasmocytes. Hyaline changes in walls of small 
blood-vessels. Tremendous number of bacteria seen in sections. 

Animal Experiments, — ^Excised tissue inoculated into four rats with nega- 
tive results. Tissue injected into guinea-pig; developed small abscess at site 
of inoculation and general lymph-node enlargement. Also eruption. 

FRENCH CASES 

Case 41 (De Micas," Toulouse, 1895). — Man, aged 50, bitten on finger; same 
evening chill and sweat; delirium all night. Two days later very sick, dry 
tongue, edema of extremity. Local swelling incised ; no pus obtained. Improve- 
ment in wound; edges of incision appearing bluish black and congested as if 
following application of a Bier bandage. Pulse rapid and small; temperature 
104 F. Generalized raised eruption over body, in places vesicular; almost com- 
plete anuria, edema, delirium, lumbar pains. Tongue very dark red. Urine 
shows large amount of albumin. On seventh day death from uremia. No 
lymphangitis noted. Toxic death. 

Case 42 (Millot-Carpentier,^ Paris, 1883). — Boy, aged 20, bitten in four 
places by angry rat, once in arm and three on hand; very superficial, no blood 
drawn. On fifth day pain in hand, fever, chilliness, sweat. Small typical phleg- 
mon appeared, disappearing after twelve days. After free interval of a few days 
return of local and general symptoms. Marked dysphagia. Congestion of face, 
intense fever, hoarseness, almost aphonia, marked salivation, paroxysms all end 
by crisis, progressive paroxysms milder. Paroxysms recur every third day, last- 
ing several hour.s, and leaving patient markedly prostrated. Three months after 
bite, patient was still having occasional crises, preceded by aura or pain in 
finger. Large violaceous swelling of thumb ; generalized ecchymotic rash over 
body. Characteristic is the temporary dysphagia occurring with each paroxysm. 

SCOTCH CASES 

Case 43 (Carter, =" Edinburgh, 1907).— Man, aged 40, bitten on finger; wound 
healed. After two days incubation, redness, lymphangitis and lymphadenitis. 
Course very prolonged — six months. Twenty-six attacks in all ; interval two 


22. De Micas: Arch. med. de Toulouse, 1895, i, 170. 

23. Millot-Carpentier : Union med., 1883, xxxviii, 1069. 

24. Carter: Edinburgh Med. Jour., 1907, new series, xxi, 443. 
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days; duration three days. Later duration of attacks only twenty-four hours. 
Paroxysms characterized by languor, weakness, nausea, thirst and dry skin, 
ending suddenly with profuse sweat and critical drop of temperature. Early 
attacks associated with stiffness of arms, neck and masseter muscles. Patchy 
erythematous eruption on shoulders and chest during attacks, fading with dis- 
appearance of fever; spasm in throat and difficulty in swallowing complained 
of during attacks. Cervical lymph-nodes enlarged. Two small subcutaneous 
nodules noted on forearm and calves of legs, reappearing with attacks. Spleen 
enlarged. White blood-cells, 16,000. Blood culture negative. 

ENGLISH CASES 

Case 44 (Horder,* 1910). — Man, aged 62, bitten on thumb, superficially; had 
received ferret’s bite the same day. Both wounds healing without swelling. 
Incubation period three weeks. Induration and lymphangitis appearing about 
site of the rat-bite. Temperature 101 F. Malaise; duration three days. After 
interval of four days recurrence of paroxysms, throat husky, hands swollen, 
delirium ; no swelling of glands ; diffuse erythema ; liver and spleen not enlarged. 
White blood-cells, 18,000. Temperature 102 F. Pulse, 84. Course, five recur- 
rences, two or three days apart. Three-day duration. Characterized by anorexia, 
torpor, sore throat, hoarseness ; nodule in hamstring muscle noted. Blood cul- 
ture negative. Animal inoculation with blood. Excision of nodules. Urine 
examination, blood smear examination, all negative. 

Case 45 (Horder, 1910). — Man, aged 52, seaman, bitten on thumb; two weeks 
after attack recurrent paroxysms occurring every five to six days. Chills and 
fever. Temperature 103 F. First paroxysm severe, later milder and occurring 
at longer intervals. No enlargement of glands or spleen. White blood-cells, 
19,000. Blood-culture and smears negative. Duration, eight weeks ending in 
recovery. 

Case 46 (Horder, 1910). — Man, aged 55, farmer, bitten on elbow; after 
twenty-eight days, fever ; duration four months, characterized by periodic 
recurrences of fever; no skin eruption. 

Case 47 (Middleton®). — Girl, aged 3; left hand bitten while asleep; incu- 
bation period of fourteen days followed by swelling of wound and a lump 
in axilla. Febrile paroxysms lasting forty-eight hours, with sweating, prostra- 
tion; no pain. Before each paroxysm, swelling of wound and glands. Interval 
between attacks two or three days. Temperature 105.4 at the highest. Eight 
attacks in all; never less than two days in duration. Red, patchy, measly rash 
over cheeks, forehead and legs with the attacks. Eventually well. 

Blood examinations negative, except for diplococci found on one occasion. 
Diplococci also found in one instance in blood culture. Organism not studied. 

Case 48 (Nicholson®^). — Boy, aged 10, trifling bite on left hand; five weeks 
of careful medical attention. Then urticaria of legs, body and face. Swelling 
of back of arm, hand and elbow; no pus found. Antistreptococcus serum used 
without visible result. Course almost five months; irregular paroxysms lasting 
one to two days; one lasting fourteen days. Gradual diminution of strength 
of attacks. Well. 

Case 49 (Hewlett and Rodmam”) .— Man, aged 23, bitten on left finger; two 
months later development of axillary gland. Fever every five days, recurring 
for seventeen weeks. Duration of paroxysm from two to five days. Fall of 
temperature by crisis. Erythematous rash on chest and arms. Glands in 
axilla and groin. 

Blood examination and blood-culture negative for parasites. 


25. Nicholson: Practitioner, 1913, xci, 429. 

26. Hewlett and Rodman: Practitioner, 1913, xci, 86. 
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Case SO (Cruikshank'^O— Man, aged 51; bitten on finger. Sucked wound. 
Rat said to be ‘‘mangy” or sick. Thirteen days later bluish discoloration, then 
almost black. Brawny induration; tenderness, no fever; purplish rash on arm. 
Gangrene of entire finger; amputation required; healing took place. 

Eight days after operation, or twenty-eight days after bite, headache, fever 
chilliness, nausea, and purplish rash again appears on arm. Temperature from 
99 to 102 F. Delirium, In fifteen weeks fifteen attacks. Periods between attacks 
from five to eleven days. Paroxysms three days in duration. Urine negative. 
Convalescence very slow; after six months still unable to get about. 

Case SI (O'CarrolP). — Man, aged 36; bitten on lower lip while asleep; 
moderate bleeding. Two days later lip swollen, edematous, purple. Seven days 
after this, admitted to hospital. Huge edema of lip, chin, etc. Submaxillary 
and sublingual glands enlarged and tender. Relapsing type of fever estab- 
lished; duration of fever from three to four days. Intervals from three to 
four days ; irregular temperature ; highest 103.8 F., subnormal usually after ces- 
sation of relapse. During fever, malaise for six weeks. When discharged from 
hospital urine negative. Developed edema of legs and face. Albumin and 
hyaline and granular casts with red and white blood-cells in urine. Pale, 
marked secondary anemia; pronounced emaciation. Parenchymatous nephritis 
present. 

White blood-cells, 7,200; polymorphonuclears, 88 per cent.; eosinophils, 15 
per cent.; myelocytes, 1 per cent. 

Four months after bite, anemia and nephritis were marked; pleural cavities 
aspirated and clear fluid obtained. Improvement began soon after, and one 
year later entirely well. 

Five weeks after inoculation animal killed. Necropsy showed lymph-gland 
enlargement, no bacteria or protozoa. 

ITALIAN CASES 

Case 52 (Frugoni®). — Farmer, aged 54, deeply bitten on thumb; wound 
healed in three days. After fifteen days, sensitive red swelling of wound, break- 
ing down to a small ulcer. Entire thumb much swollen. Chill, vomiting, fever, 
headache. Irregular remittent fever lasting fifteen days. Axillary and inguinal 
glands already swollen; large wine red spots appear on extremities. Skin 
infiltrated and elastic; painless. 

Free interval of from twenty to thirty days. 

Reappearance of fever at irregular intervals during one year. At end of 
year, reappearance of skin manifestations with much weakness and severe cramps 
in calves of legs. Same attack again in five months and again in one year. 
Sudden right-sided exophthalmos two and one-half years after bite. Enlarge- 
ment of glands, erythematous exudation, fever; exophthalmos marked, injec- 
tion of conjunctival vessels, chemosis, sight good, fundus oculi, negative. Urine 
negative. Red blood-cells, 3,100,000; hemoglobin, 70 per cent.; white blood- 
cells, 8,700; polymorphonuclears, 60 per cent.; eosinophils, 8 per cent; mononu- 
clears, 10 per cent. ; lymphocytes, 22 per cent. No parasites. Eosinophilia 
later, 11 per cent. Exophthalmos disappeared slowly. Wassermann, blood and 
stool negative. 

Patient became and remained apyrexial. 

Returned later with new eruption. One erythematous spot punctured ; spreads 
negative. Cultures negative. Cure. 


27. Cruikshankr Brit Med. Jour., 1912, ii, 1437. 

28. O’Carroll, Joseph; Dublin Jour, Med. Sc., 1912, cxxxiii, 214. 
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ADDENDUM 

The following case"^ while appearing too late to receive mention in the text, 
has been added because of its unusual interest: 

Hindoo woman, bitten eight years ago on right ear; ulcer of ear for three 
months. Fourteen days after bite, attacks began to occur, three to seven days 
in duration, continuing to the present time. Temperature to 105 F. Anemia 
and puffiness of face. Rash, glands, nephritis, and erythrocytes in urine. Was- 
sermann negative. 

Neosalvarsan 0.7 gm. given intramuscularly. After one week patient was 
well; no more attacks. 

41 West Eighty-Third Street. 


29. Surveyor: Lancet, London, 1913, clxxxv, 1764. 



FACTORS INVOLVED IN SOME CASES OF PLEURAL 
FLUID ASSOCIATED WITH NORMAL OR 
INCREASED VOCAL RESONANCE* 

CHARLES M. MONTGOMERY, M.D. 

AND 

ENGELHARDT A. ECKHARDT, Ph.D. 

PHILADELPHIA 

Of the many complicated problems in the field of the mechanism 
of the physical signs of the respiratory system, perhaps none has been 
so admittedly puzzling, particularly in adults, as that of the normal 
or increased vocal resonance sometimes encountered in cases of pleural 
effusion. Skoda thought he had solved the riddle by attributing the 
phenomenon to what he calls consonance, but his explanation is unten- 
able. The literature on the subject is, for the most part, rathef sug- 
gestive than really helpful. Walshe’s statement is ; “Sometimes expli- 
cable by solid adhesions conveying the vibrations from the lung to the 
chest wall; in other instances the anomaly does not admit of explana- 
tion.” 

In trying to obtain any explanation — and only one will be offered 
here — for the occurrence of normal or increased vocal resonance in 
cases of pleural effusion, it is necessary first of all to have some knowl- 
edge of the factors operating in those cases of effusion in which there 
occurs a diminution or absence of vocal resonance. Assuming that 
in most cases of pleural effusion the compressed lung still retains more 
or less air in the alveoli, an occurrence which is certainly very often 
encountered, and which we find in experimentally produced effusions 
in which the conduction of sound is impeded more on the side with the 
effusion than on the normal side, it is not difficult in these cases, with 
.some air still remaining in the lung, to locate a place where much of 
the loss of sound might occur, namely, at the junction of the lung 
with the fluid. Experimentally, it can be readily shown that a marked 
“break” does occur as sound passes from such an air-bearing lung to 
fluid. This “break” is apparently largely due to the change of mediums, 
the air-borne sounds within the' lung having to pass from air, which 
is a very light medium, to fluid which is a very much more dense 
medium. The loss of sound is not nearly so great as it passes from the 
fluid to the chest wall. A second factor in diminshing the sounds after 
they leave the lung is that of diffusion. The intensity of the sounds 
immediately after entering the fluid as compared to the intensity after 


* Submitted for publication Dec* 8, 1914. 
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the sounds reach the chest walls is, in a general way, inversely propor- 
tionate to the area of visceral pleura exposed to the fluid in compari- 
son to that of the parietal pleura bathed by the fluid. Recognizing the 
important part the lung plays in the interference with sound conduc- 
tion in cases of effusion in which the vocal resonance is diminished or 
absent, the next logical step in trying to explain those cases exhibiting 
a normal or increased vocal resonance is to test out other conditions 
of the lung, to see if any of them might under the circumstances con- 
tribute more favorable factors to the conduction of sound. 

The condition of the lung offering perhaps the most marked con- 
trast to the air-bearing lung is the completely solidified lung. Having 
no case to report in which the patient presented before death a normal 
or increased vocal resonance, and at necropsy a ‘‘solid” lung sur- 
rounded by fluid, we are obliged to resort to other means for determin- 
ing whether a “solid” lung would be favorable to the conduction of 
sound in cases of pleural effusion. 

Our most illuminating experiments along this line have been with 
the chests of fetal calves near term. The alveoli in such animals being 
free from air, we are enabled to deal with one type of “solid” lung. • 
Sounds introduced into the trachea of such an animal reach the 
external chest surface with great distinctness. If fluid is introduced 
into the pleural cavity of a fetal calf till it is completely filled, the 
sounds at the periphery of the chest will be found to have undergone 
comparatively little change, being still very distinct, while if the water 
in the pleural cavity is replaced by air, the sounds at the external chest 
surface will be found to have undergone a very marked diminution. 
If the fetal chest contains fluid and the lung is inflated, the sounds at 
the periphery of the chest will be found to be much weaker than while 
the lung was still air-free. 

An experiment comparable to the foregoing with comparable results 
can be performed with the fetal lung outside the body. If the fetal 
lung is submerged in a vessel containing water, and sounds are intro- 
duced into the trachea and if a stethoscope is used, the mouth of the 
bell being, tightly covered with a piece of liver to represent chest wall, 
and if this liver is likewise placed in contact with the water, but at no 
point touching the lung, the sounds will be heard with great distinct- 
ness after having passed through fetal lung, water and liver. Very 
much weaker sounds will be obtained if the fetal lung is replaced by 
an air-bearing lung. 

Another experiment closely resembling the preceding ones can be 
made by replacing, in the last experiment, the fetal lung by a heart. 
Sounds after entering the aorta and passing through the cardiac walls, 
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the fluid and the liver covering the inferior opening of the stethoscope, 
still retain considerable intensitv. 

One can readily become convinced of the facility with which sounds 
pass from “solid” tissue to water by applying a suitable cylinder to the 
chest wall of a living human being and inserting water into this 
cylinder so that it is in contact with the chest wall, while the opposite 
end of the cylinder is tightly joined to the bell of the stethoscope. The 
vocal resonance and the respiratory murmur, though diminished, will 
be very distinctly audible. 

How closely do our experiments parallel conditions that may occur 
in the human subject? In each experiment except the last, as con- 
trasted with the human being, there are three things to be compared : 
the chest wall (or its representative, liver), the fluid and the lung. 
The fetal calf’s chest wall corresponds sufficiently closely to the adult 
chest wall. Even if it is, so to spreak, made thicker by overlaying it 
with liver, much of the sound intensity is retained. As for the fluid, 
conditions are relatively much alike in both the experiments and in the 
supposed clinical case. The amount of diffusion by the fluid may be 
alike in both cases. Any striking difference, then, in the acoustic 
phenomena in the experiments and in human beings must relate to the . 
lungs themselves. 

The great bulk of the soft cellular tissues, whether normal, inflam- 
matory, or malignant, apart from their fluid contents, is composed of 
substances known as gels. These gels, of which gelatin in a 10 or 
20 per cent, strength in the firm state is an example in pure form, are 
closely allied in their general physical characteristics, and one would 
expect this similarity to extend to their acoustic properties. This has 
been just what has occurred in all our experimental work. We have 
had sufficient material for experimentation in the shape of fetal lung, 
liver, and muscle, and though more restricted in obtaining “solid” 
material from hepatized lungs, experimentation and inference show 
that such diseased tissue in its sound-conducting properties closely 
resembles the soft tissues of the body, including the fetal lung. 

All our evidence indicates that these various substances, liver, 
muscle, fetal lung, and hepatized lung greatly resemble one another in 
the following particulars : They are all fairly good conductors of 
sound. In a general way they considerably resemble one another 
in their conductivity of sound. When one or more of these materials 
are placed in apposition the resultant effect on sound conduction is 
much the same as if a similar amount of any single one of these mate- 
rials had been used, indicating that no serious “break” occurs as sound 
passes from one of these substances to another. Finally, m their rela- 
tion to air and water they all resemble one another closely , that is. 
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there is a marked loss of sound as it passes from air to any of these 
substances, while there is very much less loss of sound as it passes 
from these various substances to air, and the passage of sound from 
these substances to water or in the reverse direction is attended with 
no serious loss of sound due to the change of mediums, because they 
are not of sufficiently different densities. We conclude, therefore, that 
these various materials, liver, muscle, fetal lung, and hepatized lung, 
may be considered for our purposes to be one single medium, and to 
act practically alike in their relation to sound conduction, whether by 
themselves or in association with other mediums. 

While our chain of evidence is not absolutely complete as far as the 
lung affected with solid infiltration is concerned, all available evidence 
indicates that it corresponds acoustically to fetal lung and other gels. 

The fluid contents of these various substances does not materially 
affect their conductivity. 

When a pleural effusion exists there may be associated either one 
of two types of “solid” lung ; first, that in which there is no infiltrative 
process, but from which the air has disappeared as the result of 
pressure or absorption, leaving a lung closely resembling the fetal type ; 
and, secondly, the lung which is “solid” as the result of inflammatory 
or malignant change. The airless but otherwise normal lung would, on 
account of its smaller bulk, probably offer more favorable opportunities 
for sound conduction than a hepatized lung, provided that in the two 
cases the bronchi were equally patulous. 

It is possible, according to Skoda, for only a portion of a lung to 
become airless as a result of an effusion, and to sink beneath the 
surface of the fluid. 

If our conclusion is correct, that the tissue of -a lung “solid” either 
from compression or actual pulmonary disease closely resembles fetal 
lung tissue acoustically, it is clear how the vocal resonance might be 
normal or increased in cases of pleural efifusion. ’ An increase in the 
vocal resonance in cases of consolidation of the lung is the usual 
clinical finding, and as long as the bronchi remain patulous the mere 
presence of fluid between the “solid” lung and the chest wall should 
not very materially affect the transmission of sounds, except through 
diffusion, though the change of medium from “solid” to fluid, and from 
fluid to “solid,” would exert more or less of an effect. The reasons 
that no great change except that due to diffusion should take place are, 
first, that water itself is a good conductor of sound, and, secondly, that 
sound vibrations do not suffer greatly in intensity as they pass from 
“solid” tissue to water or from water to “solid” tissue. This latter 
fact might be expected to occur, because water and “solid” tissue do 
not differ greatly in density; but the same thing can be readily demon- 
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strated by a great variety of experiments, such as those of the fetal 
calf and the others presented above. 

Our conception, then, of what we believe occurs in some cases of 
pleural effusion with a normal' or increased- vocal resonance may be 
summarized as follows : The sounds reach the surface of the “solid” 
lung with a certain degree of intensity, which is naturally greater than 
would be encountered at the external chest surface in a case of pneu- 
monia without effusion, because the sound has not yet passed through 
the chest wall. The intensity of sound at the lung surface will vary 
to some extent with the amount of lung tissue that is traversed, so that 
we would expect to find louder sounds at the surface of a lung that is 
airless as a result of compression than in one that is “solid” from 
infiltration. The vibrations then enter the fluid, and do this without 
any serious “break” as a result of the change of medium. In their 
course through the fluid comparatively little sound is lost except that 
due to diffusion, because of the excellent conducting properties of 
fluid. Finally, the vibrations enter the chest wall, and again effect 
a transfer of medium without great loss of intensity. In other words, 
the interference in sound conduction is not very greatly different, as a 
result of the fluid in the pleural- cavity, from a case presenting a “solid” 
lung without any effusion, provided the bronchi remain patulous, 
except for the loss due to diffusion. It is certainly true that the con- 
ditions for sound transmission are much better in a case with a “solid' 
lung surrounded by fluid than in a case of effusion in which the lung 
still contains air, or in a case of pneumothorax, whether the lung is 
either “solid” or air-bearing, provided there is no perforation from 
the lung into the pleural cavity. 

If our explanation is correct, why does not this phenomenon occur 
of teller? As a matter of fact, it is impossible to state just how often 
a normal or increased vocal resonance does occur in cases of pleural 
effusion. Small basal accumulations of fluid overlying “solid” lung 
giving a normal or increased vocal resonance, are probably not very 
rare. As to the actual causes for the infrequency of the phenomenon, 
they may be considered to lie chiefly in the lung substance or in the 
bronchi. We have already spoken of the marked loss of sound that 
occurs when a lung, still retaining air in the parenchyma, is in contact 
with fluid. Interference with sound transmission from bronchial 
obstruction might, , theoretically, be caused either by pressure from 
without, thus bringing the bronchial walls in apposition, or by edema 
or other abnormal fluid within the bronchi, which, through the action 
of fluid, or fluid and air, that is, froth, would occasion an intrabron- 
chial obstruction to the passage of sounds. 
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Our conclusions are offered in explanation of only some of the 
cases of pleural effusion manifesting a normal or increased vocal 
resonance, for we do not believe the explanation holds good in all 
cases, and especially in 'children we believe that other causes may 
operate. 

The loss in intensity due to diffusion in both the air-bearing and 
“solid” lungs will be rendered less by whatever allows the lung to 
approach closer to the chest wall. 

The conclusions apply to various forms of fluid in the pleural 
cavity, whether serous, purulent or hemorrhagic (fluid blood). 

The experimental evidence on which the conclusions are based has 
been reduced to a minimum amount of space, but we trust that it is 
sufficient to elucidate the subject in hand. The experiments in full will 
be given elsewhere. 

This subject has clinical as well as theoretical interest. Thus, in 
any case of a doubtful nature presenting a normal or increased vocal 
resonance, the idea of fluid in the pleural cavity should be entertained ; 
and, given a case with demonstrable fluid in the pleural cavity exhibit- 
ing clinically a normal or increased vocal resonance, the possibility of 
there being “solid” lung beyond the fluid should be borne in mind. 
While in some cases such a “solid” lung may be simply a compressed 
and airless lung, the other alternative is also to be considered, that the 
lung may be affected with inflammatory or malignant disease. ' If the 
condition is a recent one, recently developed consolidation of the lung 
in addition to the fluid is to be suspected. 

2210 Locust Street — 5647 Kingsessing Avenue. 



THE RELATION OF URIC ACID TO GOUTY ATTACKS* 


AMY L. DANIELS, Ph.D., and FRANCIS H. McCRUDDEN, M.D. 

MADISON, WIS. BOSTON 

The work recorded in the present paper, although begun with 
another purpose in mind, is the result of an attempt to find if there is 
any relation between attacks of gout and' the amount of uric acid in 
the blood, or between such attacks and the amount of uric acid excreted 
in twenty-four hours. By means of the new method of Folin^ the 
surmises of earlier investigators that the uric acid content of the 
blood is increased in gout has been confirmed by Dr. Folin- and 
coworkers in a certain number of cases. These findings, taken together 
with observations showing a retardation of uric acid in gout, are in 
accord with the hypothesis of Gerrod^ that the attacks of gout are due 
to increase of the uric acid content of the blood above its saturation 
point as a result of the inability of the kidney to excrete uric acid. 
Our original point, one in practical therapeutics, was to determine 
how we could influence the metabolic perversion, especially by dietetic 
measures. When our preliminary observations did not show a greater 
amount of uric acid in the blood of gouty patients than in normal 
subjects, nor any relation between uric acid excretion and the attacks 
of gout, and finally, showed that attacks of gout appeared even when 
we artificially lowered the uric acid content of the blood with atophan, 
we gave up our original purpose in order to reexamine carefully these 
points concerning the relation of uric acid excretion to gout. 

The investigation was carried out on two women, Mrs. W. and 
Mrs. L., both of whom gave typical histories of gout — repeated 
sudden afebrile attacks of swelling, pain, heat and redness localized in 
one or more joints, which gradually subsided after several hours — 
and on Roentgen-ray examination showed bony changes — Bruce’s 
nodes — characteristic of gout. It is important to emphasize that 
these patients were not cases of atrophic arthritis or hypertrophic 
arthritis, or infectious arthritis, but cases of real gout, carefully 
selected after consultation with our orthopedists. 

Throughout the investigation the patients were kept on an approx- 
imately constant, purin-free diet — 54.8 gm. protein, 67.5 gm. fat and 

* Submitted for publication Jan. 19, ,1915. 

1. Folin and Denis: Jour. Biol. Chem., 1913, xiii, 469. 

2. Folin and Lyman: Jour. Pharra. and Exper. Therap., 1913, iv, 539. 

3. Gerrod, A.: The Nature and Treatment of Gout and Rheumatic Gout, 
London, 1859. 
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167.5 gm. carbohydrate, a total of 1,496 calories — sufficient to main- 
tain the patient’s weight. The- diet was made up of 150 gm. bread, 
136 gm. egg, 526 gm. milk, 13 gm. butter, 120 gm. potatoes, 29 gm. 
rice, 20 gm. sugar, 2 slices cucumber and 2 leaves of lettuce per day. 
These raw materials, given in the form of a prescription to the dietetic 
department of the hospital, were used as the basis of menus which 
made a very attractive and varied diet for the patients. We would 
like to call especial attention to this method of prescribing a very strict, 
weighed diet over a long period, with entire satisfaction to the patient. 
By cooperation of chemist and dietitian both scientific accuracy and 
palatability can be obtained. One of our patients was confined to bed 
on account of an old ununited fracture; the other sat up part of 
the day. 

After the preliminary work showed that the excretion of uric acid 
and creatinin was to be the object of our study, it was appreciated that 
criticism might be made of the completeness of the twenty-four-hour 
urinary specimens. Great care, therefore, was directed to this point. 
Satisfactory collections of complete twenty-four-hour quantities of 
urine, though seemingly a very simple matter, is in actual hospital 
practice exceedingly difficult. The constancy of the creatinin and uric 
acid determinations in twenty-four-hour quantities of urine collected 
from other patients as well as the constancy of the uric acid output 
in our patients when no drug was being given (Mrs. W., days 15 
to 40) convinced us that we were surprisingly successful in our efforts. 
For this we have to thank the executive department of the hospital 
for unusually active cooperation and every facility for the strictest 
supervision of the patients. The patients and nurses were interested 
and cooperated with us completely in the work. The patients were 
kept in a small room by themselves and one of the nurses volunteered 
twenty-four-hour duty, sleeping in the same room and never leaving 
the patients. Even the small quantities of urine usually unavoidably 
lost with the feces were collected, thanks to nurse and patients. The 
urines were preserved with thymol and chloroform (5 c.c. chloroform 
and 5 c.c. of 5 per cent, thymol solution to each 1,000 c.c. of urine). 

The uric acid in the blood was determined by Folin’s method. A 
small, hollow, sterile needle about a millimeter in diameter, which had 
been rinsed with a solution of paraffin in ether, was inserted into the 
vein at the bend of the elbow and the blood allowed to flow directly 
into a weighed 50 c.c. Erlenmeyer flask containing 0.1 gm. potassium 
oxalate. This proved to be a simple method, which avoided trans- 
ferring the blood from a syringe. By this means a better flow of blood 
was obtained with less danger of clotting than when suction of any 
kind was used. A tourniquet, made of a piece of rubber tubing or a 
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TABLE 1. — Uric Acid^ Creatinin, ano Creatin Excretion of a Goutt 

Patient 

Mrs. W., weight 59.1 kilos. 
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Day 

/ 

Total 

Quan- 

tity 

Sp. Gr. 

Total 

Nitro- 

gen, 

Gm. 

Uric 

Acid, 

Gm. 

Creat- 

inin, 

Gm. 

Crea- 
tin as 
Great- 
inin, 
Gm. 

Uric 

Acid 

Mg. 

Per 

100 Gm. 

Ato- 

phan* 

No. 

Doses 

Daily 

Attacks 

Prelim- 










inary 

1 

568 

1.016 

2.36 . 

0.186 

0.324 

f 

Taken 


Severe in finger and 
wrist joints. 

2 

1,120 

1.01 

5.64 

0.209 

0.412 

....j 

at 12m. 
2.10 

2t 


3 

670 

1.012 

5.26 

0.314 

0.45 


.... 

6 


4 

810 

1.01 


0.225 

0.319 


.... 

6 


5 

1,270 

1.011 



0.512 


0.66 

6 


6 

900 

1.008 

2.53 

0.132 

0.187 


.... 

6 


7 

8» 9, 

720 

and 10: 

1.011 

High 

1.013 

3.43 

purin di( 

4.98 

0.196 

jt 

0.324 


• ■ ■ • 

6 

6 

Attack beginning 9 
a. m., lasting till 
p, m. Left fingers 
and wrist. 

11 

880 

0.31 




6 


12 

1,740 


5.92 

0.38 

0.60 


.... 

6 


13 

1,060 

1.013 


0.36 

0.72 


— 

6 


14 

1,060 

! 

1.012 

5.44 

0.38 

0.46 



3 


15 

1,020 

i 

1.016 

6.33 

0.316 

0.693 


.... 

0 

I 

Moderately severe 
attack 7 a. ra. - 10 
a. m. Left wrist 
and finger joints. 

16 

1,160 1 

1.011 

5.85 

0.233 

0.33 


.... 

1 ^ 

Attack 6 a. m. Left 
wrist and finger 
joints. 

17 

1,230 : 

1.0115 


0.27 

0.43 


2.02 

0 i 

Attack. Samejoints. 

18 

1,120 ] 

1.011 

7.47 

0.25 

0.51 

i 

.... 

0 


19 

720 ; 

1.016 

7.1S 

0.289 

0.51 

1 .... 

, 1 

— 

0 

1 


1,060 

1.013 



0.51 

: ! 

j 

0 

1 

21 


1.01 

8.73 

0.42 

0.54 


— 

0 


22 

900 

1.017 

7.44 

0.1S2 

0.52 

— 

— 

0 


23 

1,100 

1.012 

7.51 

0.281 

0.51 

0 

— 

0 

t 

24 

1,140 

1.01 

7.32 


0.48 

.... 

— 

0 


25 

1.090 


7.25 


0.54- 

0 

.... 

0 


26 

990 


6.67 

0.264 

0.52 

0 

— 

0 


27 

1,260 


7.50 

0.294 

0.52 

0 

.... 

0 


28 

1,230 

1,00S 


0.32 

0.518 

' 0.08 

.... 

0 

Very moderate at- 
tack 6 a.m.-ll a.m. 

29 

1,120 

1.01 

6.64 

0.294 

0.49 

0.06 

.... 

0 

Severe; wentdownin 
p. m.; on in eve- 
ning and next 
morning. 

30 

1,410 

1.01 

7.20 


0.54 

0.12 

.... 

0 

Attack passed ofi 
about noon. 

31 

1,0C0 

1.011 

7.24 


0.52 

0.06 

.... 

0 



Each dose 0.5 gm. 


i Begaa 5 p. in. 
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TABLE 1. — (^Continued) 





Urine 



Blood 



Day 


Sp, Gr, 

Total 

Nitro- 

gen, 

Gm. 

Uric 

Acid, 

Gm, 

Great- 

inin, 

Gm, 

Orea- 
tin as 
Oreat- 
inin, 
Gm. 

Uric 

Acid 

Mff. 

Per 

100 Gm. 

Ato- 

phan* 

No. 

Doses 

Daily 

Attacks 

32 

1,120 

1.01 

6.57 

6.261 

0.51 

0.07 

.... 

0 


33 

1,260 

1.01 

6.94 

0.284 

0.51 

0 

— 

0 


34 

1,090 

1.01 

6.44 

0.284 

0.49 

0 

.... 

0 


35 

1,040 

1.011 

7.40 

0.28 

0.51 

0.05 

.... 

0 

Moderate attack; 
rubbing relieved 
pain. 

3G 

1,260 

1.009 

6.63 

0.27 

0.51 

0 


0 

Moderate attack 
8 a. m. 

37 

1,060 

1.012 

6.36 

0.297 

0.61 

0 

.... 



38 

1,140 

1.012 

6.80 

0.29 

0.60 

' 0 

.... 

0 


39 

1,290 

1.012 

7.94 

0.29 

0.54 

0 

1 

.... 

0 

Slight in left wrist; 
disappears when 
rubbed. 

40 

1,180 

1.011 ; 

7.32 

0.25 

0.53 ; 

i 

] 

0.058 

• . • • 

i 0 

Severe pain in both 

1 wrists in p. m.; 

j swollen and red. 

41 

1,610 

1.01 

7.27 

0.28 , 

0.52 

^ ; 

— 

3 


42 

1,460 

1.011 

7.36 j 

0.58 

0.51 

0.09 

.... 

6 


43 

1,220 

l.OOS 

4.50 

0.23 

0.38 

0.02 

.... 

6 


44 

1,390 

1.012 

6.72 1 

0.23 

0.60 

0 


6 


45 

1,7C0 

1.01 

6.59 

0.24 

0.69 

0 

1 

6 


4(5 

1,400 

1.012 

7.20 ! 

0.32 

0.71 1 

0 

0 1 

0.93 

1 

1 

i 

! 1 

6 

Severe pain in both 
hands and wrists. 
Began in night and 
eontiaaed next 
day. 

47 

1,300 

1.011 

7.80 

0.32 

0.73 

j 

\ 

i 

6 

Attack somewhat 
less severe than on 
previous day. 

43 

690 

1.018 

6.03 

0.30 1 

0.57 

0 


6 

Attack less severe 
than previous day. 

49 

780 

1.013 

5.40 

0.27 

0.50 

0 


6 

50 

990 

1.012 

7.30 

0.25 

0.57 

0 

1 

.... 1 

6 



* Each dose 0.5 gio. t Begaa 5 p. m. 


towel, was sometimes used to increase the flow of blood; gentle 
massage of the forearm was also helpful in increasing the blood flow. 
Two samples of blood, approximately 20 gm. each, were collected for 
analysis. The oxalate was at once dissolved by shaking, and the blood 
and flask weighed. 

The uric acid, creatinin and creatin in the urine were determined 
by Folin’s methods, the nitrogen in the urine by KjeldahFs method. 

The results are given in the accompanying tables. 

DISCUSSION' OF THE RESULTS 

DVir Acid in the Blood.— The amount of uric acid in the blood of 
Mrs. \V. on day 2 was 2.10 mg. in 100 gm. (2.11 mg. in Sample A, and 
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2.09 mg. in B). This blood was taken during a period free from 
attack and before atophan had been administered. On day 17 blood 
was taken during an attack. This contained 2.02 mg. ' in 100 gm. 
(Sample A, 1.99 mg.; Sample B, 2.05 mg). The uric acid in the 
blood of Mrs. L. was found to be 0.91 mg. per 100 gm. (Sample A, 
0.87 mg^ ; Sample B, 0.94 mg.). From our own unpublished results and 
those of other investigators (Folin/ McLester,^ Kocher®) we may 
assume that the normal amount of uric acid in the blood is about 2.00 
mg. (0.5 to 2.9 mg.) in 100 gm. It should be observed that in neither of 
our gouty patients was the uric acid content of the blood higher than 
that of normal individuals. In one case it was distinctly low. Further- 
more, the amount of uric acid in the blood was the same during an acute 
attack as during a period free from attack. Atophan (in 0.5 gm. doses 
six times a day) was administered from Day 2 to Day 14. The uric acid 
excretion increased, the amount of uric acid in the blood decreased to 
0.66 mg. in 100 gm. (Sample A, 0.67 mg.. Sample B, 0.65 mg.). These 
results following the use of atophan are comparable with those of other 
investigators. But notwithstanding the decreased content of the blood 
in uric acid there was a severe attack of gout on Day 7. These findings 
were confirmed by later findings. Atophan was given from Day 41 to 
Day 50. On Day 46 there was a severe attack followed by a less 
severe attack on two successive days. During the first day of atophan 
treatment the uric acid excretion was increased from 0.28 gm. to 
0.58 gm. The amount in the blood fell to 0.95 mg. in 100 gm. of 
blood (Sample A, 0.94 mg.; Sample B, 0.95 mg.). In both of these 
cases it is important to emphasize that during atophan treatment we 
made analyses of the blood and urine; and the data show that the ' 
attacks came on in spite of the fact that the uric acid content of the 
blood had been lowered as a result of an artificial increase in the 
elimination. 

Effect of Attack on Elimination of Uric Acid. — If the uric acid 
excretion (Mrs. W.) from Day 15 to Day 40, a period of twenty-five 
days when no atophan was being taken, is examined, it will be seen 
to be constant from day to day.® During this period of twenty- five 
days zvith a constancy in the daily excretion of uric acid there zvere 
three attacks of gout. In the case of Mrs. L. the uric acid likewise 
remained constant during the one attack (Day 21 and Day 22) which 
she suffered while under investigation. 

4. McLester: The Archives Int. Med., 1913, xii, 739. 

5. Kocher: Deutsch. Arch. f. klin. Med., 1914, cxv, 380. 

6. Except Days 21 and 22. The creatinin is so constant on these two days 
that one can hardly suspect any loss of specimen. The uric acid excretion 
for the two days taken together is 0.60, twice the usual amount for one ay. 
slight retention of uric acid on one day would explain the result 
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It is difficult to see how the commonly accepted hypothesis of 
Gerrod that gout is due to the precipitation of uric acid from the 
blood supersaturated with this compound as a result of faulty excre- 
tion by the kidneys, or the related hypothesis that acute attacks of 


TABLE 2. — Uric Acid, Creatinin, and Creatin Excretion of a Gouty 

Patient 

Mrs. L., weight 43.2 kilos. 


Day 

Urine 

Blood 


Total 

Quan- 

tity 

Sp. Gr. 

Total 

Nitro- 

gen, 

Gm. 

Uric 

Acid, 

Gm. 

Creat- 
in in, 
Gm, 

. . 

Orea- 
tin as 
Oreat- 
inin, 
Gm. 


Prelim- 









in ary 









1 

890 

1.011 

6.52 

0.2S9 





p. 

710 

1.016 

7.57 

0.268 

0.63 




3 

580 

1.022 

8.38 

0.289 

0.69 

.... 

0.91 


4 

SCO 

1.018 

8.48 

0.32 

0.67 




5 

820 

1.017 

7.70 

0.32 

0.63 




6 

600 

1.02 

7.96 

0.34 

0.64 

0.36 



7 

740 

1.02 

7.98 

0.299 

0.63 




8 

660 

1.023 

7.92 

0.446 

0.98 




9 1 

520 

1.024 

7.94 

0.365 

0.69 




10 

460 

1.024 

7.56 

j 

0.332 

O.GS 




n 

590 

1.02 

7.70 

0.33 

0.67 

! 

1 


12 i 

900 

1.016 

] 

7.94 

0.32S 

0.69 

1 

1 


13 

820 

1.012 

1 


0.34 

0.76 

? 


14 

720 

1.022 ! 

8.12 

0.354 

0.70 

j 


15 

1,1S0 

1.015 

8.25 

0.377 

0.G4S 

< 


16 

1,290 

1.02 

7.S0 

0.35 

0.61 

1 

0.14 ' .... 

Potassium citrate, 3 doses 









4 gm. each. 

17 

840 

1.02 

7.52 

0.33 

1 0.66 

0.31 

» . • * 

Potassium citrate, 3 doses 






1 

1 



4 gm. each. 

18 

1.200 

1,012 

7.4^4 

0.297 

1 0.56 

0.14 

• . • . 

Hydrochloric acid 0.5% solu- 









tion, 3 doses 100 c.c. each. 

19 

1,480 

1.012 

S.34 

0.31 

0.C6 

0.15 

.... 

Hydrochloric acid 0.5% solu- 






1 



tion, 3 doses 100 c.c. each. 

20 

1.000 

1.014 

7.97 

0.32 

1 0.78 

0.00 

.... 

Hydrochloric acid 0.5% solu- 






[ 



tion, 3 doses 100 c.c. each. 

21 

900 

I.OIG 

7.S9 

0.34 

1 

o.ia 

.... 

Attack moderately severe. 

22 

» ♦ • • 

. • •• • 


i 

1 ! 


.... 

Attack continued; much less 





1 

1 

1 1 



severe in p. m. 


gout are due to occasional increase of the uric acid content of the 
blood following intermittent impermeability of the kidney, can be 
harmonized with our findings. 

Certain points of minor interest, which we hope to investigate 
further, are also to be noted: 
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1. Examination of the creatinin excretion of Mrs. W. from Day 18 
to Day 40 shows that the creatinin excretion is not greatly affected 
during acute attacks of gout. 

2. Atophan appears to affect the creatinin excretion. After admin- 
istration (Mrs. W.) the rise and fall in the uric acid excretion is 
immediately followed by a fall and rise in the creatinin excretion (see 
Days 6 to 13 and Days 43 to 47) ; the creatinin excretion goes up as 
the uric acid goes down. 

3. The creatinin excretion of one of our patients (Mrs. L.) was 
conspicuously irregular, varying from 0.58 gm. to 0.98 gm. 

4. Creatin was occasionally present in small amounts in the urine 
of Mrs. W. and in large amounts in the urine of Mrs. L. 

5. On Days 16 and 17, Mrs. L. was given moderately large quan- 
tities of alkali — sufficient to change the reaction of the urine ffrom 
acidic to basic, and on Days 18 to 23 moderately large quantities of 
acid (for purposes unconnected with the present problem), with no 
effect in either case. 

This disposes of the contention of Haig and others that alkali 
administration, by making the blood a better solvent for uric acid, 
leads to a sweeping out of increased quantities of uric acid in the 
blood, and that acid administration, by precipitating the uric acid from 
the blood into the tissues, decreases the uric acid excretion. 

SUMMARY 

The striking points in our data in two cases of gout are as follows : 

1. There was no more uric acid in the blood than in blood of 
normal individuals. 

2. The amount of uric acid in the blood was not altered during 
acute attacks of gout. 

3. Uric acid excretion was not altered during acute attacks of gout. 

4. Attacks of gout appeared during atophan administration, when, 
as shown by chemical analysis, the uric acid content of the blood had 
been greatly decreased. 

In conclusion we wish to express our indebtedness to the members of the 
executive departments of the Robert B. Brigham Hospital, who have made this 
study possible. 

168 Prospect Avenue, Madison, Wis. — Robert B. Brigham Hospital, Boston. 



STUDY XXIV: THE EFFECT OF THEOBROMIN SODIUM 
SALICYLATE IN ACUTE CHROMATE 
NEPHRITIS * 

JAMES P. O’HARE, M.D. 

BOSTON 

. The effect of diuretics in acute nephritis has been the subject of 
much theorization and of some experimental work, especially during 
the past few years. The meager literature on the experimental work 
has been so recently reviewed by Fitz^ in his article on the “Immediate 
Effect of Repeated Doses of Theobromin Sodium Salicylate and 
Theocin in Acute Experimental Nephritis” that it does not seem worth 
while repeating it here. In 1913 with Dr. Christian- I reported the 
results of our experiments on the effect of theobromin sodium sali- 
cylate on the duration of life of rabbits with acute uranium nephritis, 
and Walker and Dawson^ reported in the same way the effects of 
theocin, caffein, potassium acetate, spartein sulphate and water. More 
recently Dr. Christian^ has reported the effect of theobromin sodium 
salicylate on renal function as measured by the excretion of phenol- 
sulphonephthalein in acute uranium nephritis. It seemed, therefore, 
desirable to supplement this work of a year ago by making a study 
of the effect of this same diuretic in other types of acute experimental 
nephritis. Following the theories of Schlayer and his coworkers in the 
attempt to produce a vascular nephritis, arsenic acid was selected. After 


Submitted for publication Jan. 9, 1915. 

* From the Laboratory of the Theory and Practice of Physic, Harvard 
Medical School. 

* This is one of a series of studies on experimental cardio-renal disease. 
Study 1, Smith: Boston Med. and Surg. Jour., 1908, clviii, 696; Study II, 
Christian: Boston Med. and Surg. Jour., 1908, cli.x, 8; Study III, Christian: 
Jour. Am. Med. Assn., 1909, liii, 1792; Studies IV-XV, Christian, Smith and 
Walker: The Archives Ixt. Med., 1911, viii, 468-551; Study XVI, Christian 
and O'Hare: The .Archives Ixt. Med., 1913, XI, 517; Studies XVII and XVIII, 
O’Hare; The Archives Ixt. Med., 1913, xii, 49, 61; Study XIX, Christian and 
O’Hare: Jour. Med. Research, 1913, x.xviii, 227; Study XX, Walker and Daw- 
son, The .Archives Ixt. I^Ied., 1913, xii. 171; Study XXI, Fitz: The .Archives 
Ixt. Med., 1914, xiii, 945; Study XXII, Christian: The .Archives Ixt. Med., 
1914, xiv, 827; Study XXIII, Fitz: The .Archives Ixt. Med., 1915, xv, 524. 

=^T})is work was done under a grant from the Proctor Fund for the Study 
of Chronic Diseases. 

* The theobromin sodium salicylate used was purchased under the trade 
name of Diuretin. 

1. Fitz: The .Archives Ixt. Med., 1914, xiii, 945. 

2. Christian and O’Hare: The .Archives Ixt. Med., 1913, xi, 517. 

3. Walker and Dawson: The .Archives Ixt. Med., 1913, xii. 171. 

4. Christian: The .Archives Ixt. Med., 1914. xiv. 827. 
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Table Showing Effect of Theobromin Sodium Salicylate on Life of Rabbits with 

Potassium Bichromate Nephritis 


Series 1 — 

Potassium bichromate, 
2 doses; 0.015 gm. 
per kg. 

Potassium bichromate, 
2 doses; 0.015 gm. 
per kg. Theobro- 
min sodium s a 1 i- 
cylate, daily ; 0.014 
gm. per kg. 

Series 2 — 

Potassium bichromate, 
2 doses; 0.015 gm. 
per kg. . 

Potassium bichromate, 
2 doses; 0.015 gm. 
per kg. Theobro- 
min sodium s a 1 i- 
cylate, daily ; 0.028 
gm. per kg. 

Series 3 — 

Potassium bichromate, 
2 doses ; 0.015 gm, 
per kg. 

Potassium bichromate, 
2 doses ; 0.015 gm. 
per kg. Theobro- 
min sodium s a 1 i- 
cylate, daily ; 0.056 
gm. per kg. 

Series 4 — 

Potassium bichromate, 
2 doses; 0.015 gm. 
per. kg. 

Potassium bichromate, 
2 doses ; 0.015 gm. 
per kg. Theobro- 
min sodium s a 1 i- 
cylate, daily ; 0.56 
gm. per kg. 


Rabbit 

No. 

Weight 

gm. 

Duration of 
Life After 
First Bichrom- 
ate Injection 
(Days) 

Average 

Life 

of Those 
that Died 
(Days) 

846 

2,100 

6 


862 

2,060 

4 

5 

864 

2,260 

17* 


866 

2,250 

3 


865 

2,100 

6 

5/3 

877 

2,060 

7 


881 

2,070 

3 


882 

2,360 

39* 

3 

885 

1,780 

3 


878 

2,100 

39* 


879 

2,030 

6 

4/ 

884 

1,840 

3 

1 

1 


883 

1,900 

1 

7 


886 

2,230 

25 * 

7 

889 

2,060 

25* 


888 

2,050 

3 


890 

2,230 

5 

4 

891 

2,080 

25* 


893 

1,790 

21 


894 

2,020 

27 * 

21 

895 

2,730 

26 * 


896 

2,350 

19 


901 

2,040 

18 

I8j4 

902 

1,880 

27* 



Number 

Dead 


3 


2 


2 


1 


2 


1 


2 


* Experiment discontinued. 
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much work with this drug, however, I came to the same conclusion 
arrived at by Fitz and others working with it, that it was not possible to 
control the action of arsenic so as to produce regularly a uniform, 
workable nephritis, and so the plan of studying the effect of diuretics 
on a vascular type of nephritis was given up. For the study of a 
tubular type of nephritis potassium bichromate, which produces lesions 
confined almost exclusively to the tubules, was selected as the kidney 
irritant. 

Forty-eight normal adult rabbits, on a known diet of carrot, oats 
and water, were divided into eight groups of six each. These, in turn; 
were subdivided into “controls,” which received potassium bichromate 
only, and so-called “diuretic” rabbits which were given, in addition, 
theobromin sodium salicylate. The controls and diuretic animals were 
paired off in each group so as to be of approximately parallel weights. 

The potassium bichromate was given subcutaneously on two suc- 
cessive days in body weight doses. The diuretic was given in a similar 
manner except that it was begun on the day of the second bichromate 
injection and w'as repeated daily until the animal died or until the 
experiment was discontinued. The dose of the two drugs was varied 
in each group so as to get the effect of different dosage of the diuretic 
in nephritides of varying degrees of severity. (For doses used, see 
table.) 

In these eight groups observations were made on the comparative 
length of life of control and diuretic rabbits ; their comparative path- 
ology and their comparative water excretion. In a smaller number of 
these rabbits a comparative study was made on the output of phenol- 
sulphonephthalein, nitrogen and sodium chlorid. 

The primary object of the work was to determine whether or not 
theobromin sodium salicylate affected in any way the length of life of 
rabbits with acute chromate nephritis. Not all of the forty-eight 
rabbits died, but, as the table shows, of the twenty-eight that died only 
ten were controls, whereas eighteen, almost twice as many, had been 
treated with theobromin sodium salicylate. This is, I think, a rather 
striking result, more striking- even than our results in uranium 
nephritis. 

The average duration of life after the first dose of potassium 
bichromate was 6%^ days for the diuretic rabbits, and 7% for con- 
trols. This too, though not so striking, is in favor of those not treated 
with the diuretic. These two results show rather conclusively that in 
this type of nephritis, as has already been shown for uranium nephritis, 
theobromin sodium salicylate is usually distinctly harmful. It must be 
said, however, that in Series 1 and 2, where small doses of bichromate 
and a sraalll and medium dose, respectively, of theobromin sodium 
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salicylate were used, those diuretic animals that died lasted somewhat 
longer than the corresponding controls. This is in keeping with the 
results obtained previously in uranium- nephritis, namely, that in mild 
types of nephritis small doses of theobromin sodium salicylate occa- 
sionally seem to prolong life. 

No attempt was made to study the question of comparative path- 
ology very accurately. Careful studies were made, however, of the 
kidneys of those rabbits that died, and the pathological picture of the 
controls was set off against that of the diuretic animals in the same 



Dotted lines show excretion of phenolsulphonephthalein in rabbits which 
received potassium bichromate. Solid lines show phenolsulphonephthalein 
excretion in rabbits which received both potassium bichromate and theobromin 
sodium salicylate. A gives the results for rabbits 893, 894, 895, 896, 901 and 
902 ; B, rabbits 924, 925, 930, 927 and 929 ; C, rabbits 931, 938, 933, 944, 939, 934, 
949 and 952. (In the accompanying table is shown the dosage of drugs used 
and other details in regard to these rabbits.) In D is shown by the dotted line 
the average phenolsulphonephthalein excretion for all rabbits that received 
potassium bichromate but no diuretic, while by the solid line is shown the aver- 
age excretion of those rabbits that received potassium bichromate followed by 
theobromin sodium salicylate. 

group. This is scarcely a fair comparison. It was found, however, 
that the rabbits treated with the diuretic did seem to show slightly 
more pronounced tubular lesions. 

The majority of the rabbits showed edema when examined post 
mortem ; but, of those that did not, sLx were rabbits which had received 
tlte diuretic while three had not. As to the rest the amount of fluid was 
about the same in both divisions. 
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The question of change in the outflow of urine following the pro- 
duction of the nephritis was studied in carefully prepared intake and 
output charts. These showed on the whole that theobromin sodium 
salicylate not only did not produce any increase of water excretion, but 
seemed often to have caused an inhibition. 

The phenolsulphonephthalein function test was performed in 
twenty-one animals. The results (see Chart A, B and C), though not 
at all uniform^ show that the control rabbits (those that received the 
chromate but no diuretic) were less severely aifected in the majority 
of cases, and that when they did get back to a normal output of phenol- 
sulphonethalein they did so more quickly than the diuretic rabbits. 
This agrees with the results obtained by Dr. Christian. The harmful 
action of the diuretic drug is shown more clearly by charting the 
averages of the phenolsulphonephthalein output in the two groups 
of rabbits (see chart, D). 

The nitrogen and sodium chlorid metabolism was studied in eight 
cases. No definite conclusions, of course, can be drawn from such a 
small number of cases, especially in view of the fact that the results 
are far from uniform. This last is true even when a fairly large 
amount of urea and salt was added to the daily diet to render the out- 
put more stable. Making three day averages of the output of the 
nitrogen and salt helps somewhat, but not greatly. The nitrogen output 
was measured by the Kjeldahl method, the sodium chlorid by Goodall’s 
modification of the Volhard method. Charts of these eight cases show 
that in the diuretic rabbits there is usually a falling off rather than an 
increase in the nitrogen elimination immediately following the treat- 
ment with theobromin sodium salicylate. In the controls, on the other 
hand, there is, in some cases, an increase. As to the salt excretion the 
results are so variable that they indicate nothing. 

CONCLUSIONS 

In conclusion we may say that in an experimental tubular nephritis 
caused by potassium bichromate of a severe or moderately severe type 
theobromin sodium salicylate usually shortens the life of the animals ; 
in mild cases it sometimes seems to prolong it. 

On the whole, it seems to increase the lesion in the kidney and to 
hinder the excretion of water, phenolsulphonephthalein and possibly 
nitrogen. 

1775 Dorchester Avenue. 



CERTAIN ASPECTS OF BIOLOGICAL OXIDATION* 


A. S. LOEVENHART, M.D. 

MADISON, WIS. 

The subject of oxidation presents one of the most fascinating 
themes in the entire domain of chemistry. The various views which 
have been held regarding the nature of combustion and oxidation have 
always exercised a profound influence on chemical thought and on 
biological science and medicine. Modern views regarding the nature 
of oxidation date from the work of Lavoisier, who observed that, in 
the process of oxidation, oxygen adds itself to the substance oxidized, 
and that the resulting one or more products weigh more than the 
original material by exactly the weight of oxygen required to effect the 
oxidation. 

It is not within the scope of this lecture to recount the views which 
have been held regarding the mechanism of oxidation in general. It 
would also be quite futile to review the whole subject of vital oxidation 
in the time at our disposal. I shall therefore confine my remarks to a 
small part of the field in which I have been particularly interested for 
several years. 

The subject of vital oxidation may be divided into the following 
phases : 

1. The mechanism by which oxidative processes are brought about 
in living material. 

2. The nature of the substances oxidized by living organisms, 

3. The relation between oxidation within the body and the energy 
requirements of the organism. 

4. The relation of oxidative processes to other chemical processes 
in the body. 

5. The effect of various substances and of various conditions on 
vital oxidation. 

6. The relation of vital oxidation to functional activity. 

Notwithstanding the great interest connected with the first four 
phases of oxidation here enumerated, I shall have very little to say 
regarding them except as they bear directly on the last two phases. 

It was recognized by Lavoisier that oxidation is constantly occur- 
ring in the body, and it was surmised that the body derives its heat 
from o.xidation. Ever since the establishment of the principle of 

Submitted for publication Feb. 2, 1915. 

Lecture read before the Harvey Society, New York, Xov. 8, 1914. 
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the conservation of energy, the body has been regarded as an engine 
which converts the latent chemical energy of foodstuffs by oxidation 
into heat, mechanical work and all the manifestations of life. Oxi- 
dation within the body was looked on for many years as quite 
similar to combustion outside the body. It is perfectly evident, how- 
ever, that great differences exist between oxidation within and without 
the organism. Thus proteins, carbohydrates and fats are oxidized 
within the body at a temperature of 37° C., whereas it requires a far 
higher temperature to oxidize these substances in the air. In the 
attempts to explain this fact, the group of oxidizing enzymes, or 
oxidases, was discovered. Much work has been done to indicate the 
great differences between oxidation within and without the body. It 
has been shown that many substances which are readily oxidized out- 
side the body are either very incompletely oxidized or not oxidized at 
all within the organism. Under this list may be classed carbon mon- 
oxid, oxalic acid, and many others. The selective oxidation of many 
organic substances in the body is another very remarkable characteristic 
of vital oxidation. Thus very slight changes in the structure of a sub- 
stance may completely prevent its oxidation in the body. A great deal 
of work has been done on the relation of chemical constitution -to the 
property of undergoing oxidation in the organism. I shall take occa- 
sion later to refer to another remarkable difference between oxidation 
within and without the body. 

In 1901 Kastle and I^ showed that certain of the organic peroxids 
give practically all of the reactions of certain oxidases widely dis- 
tributed in living matter. We found, for instance, that benzoyl peroxid 
gives the well-known guaiacum reaction, and that .the bluing of guaia- 
cum by benzoyl peroxid can be inhibited by hydrocyanic acid in the 
same manner that this substance inhibits the bluing of . guaiacum by the 
oxidases. On the basis of this work and on the presumption that the 
oxidases play a role in pathological as well as physiological processes, 
I was led to study the pharmacological action of benzoyl peroxid and 
also any therapeutic uses to which it might be put.” The substance 
proved to be markedly antiseptic and extremely useful in .the treatment 
of local infection ; in fact, its effect in local infection was so remarkable 
as to suggest that its beneficial effect could not be attributed entirely to 
its antiseptic action. This naturally suggested that the active oxygen 
contained in benzoyl peroxid had some peculiar effect on the tissues, 
increasing their resistance to infection. The nature of this increased 
resistance was not determined at that time. I shall refer to this again 
later. Benzoyl peroxid is but slightly soluble in water, so that its effect 

1. Kastle and Loevenhart: Am. Chem. Jour., 1901, xxvi, 539. 

2. Loevenhart: Therap. Monatsch.; 1905, p. 426. 
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on general infections could not be studied. In casting about for a 
substance soluble in water which might contain oxygen in a physiologi- 
cally available form, and which could be injected intravenously, it was 
decided to make a careful pharmacological study of the sodium salts 
of iodbenzoic, iodosobenzoic and iodoxybenzoic acids. These acids, 
which were first prepared by Victor Meyer and his co-workers,^ have 
the following composition: 
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COOH 


I 

^ V 

Co H4 o 

\ 

COOH 


Iodbenzoic acid contains no active oxygen. Iodosobenzoic acid con- 
tains 6.06 per cent, of active oxygen. Iodoxybenzoic acid contains 
11.43 per cent, of active oxygen. By active oxygen I mean oxygen 
which in the chemical sense is very active outside the body and which 
in the compounds under consideration is the oxygen bound to the iodin. 

Grove and I^ sought to determine whether the oxygen contained in 
these substances is physiologically available, that is to say, whether the 
oxygen bound to iodin in these substances can be utilized by the 
organism for purposes of physiological oxidation. We found that the 
sodium salts of iodosobenzoic and iodoxybenzoic acids instantly oxidize 
hemoglobin to oxyhemoglobin. We found that sodium iodosobenzoate 
can furnish the oxygen for at least one peroxidase reaction. It was 
found that while neither blood nor sodium iodosobenzoate is capable of 
oxidizing phenolphthalin to phenolphthalein, together they are capa- 
ble of effecting this oxidation. Dilute solutions of sodium iodosoben- 
zoatc and sodium iodo.xybenzoate taste very much like solutions of 
hydrogen peroxid. All of these facts indicate that the o.xygen which 
they contain is physiologically available. 

Arkin showed that sodium iodosobenzoate and sodium iodoxyben- 
zoate are from one hundred to two hundred times as highly bactericidal 
as sodium iodbenzoate on Bacillus typlwsusA This difference can be 
attributed only to the oxidizing action of the former substances. On 
intravenous injection it was found that sodium iodosobenzoate and 
iodo.xybenzoate markedly depress the respiratory and vasomotor cen- 
ters, whereas the iodbenzoate has no such effect. Therefore, the effects 
of the two former substances on these centers must be attributed to the 
physiologically active o.xygen which they contain. It would thus appear 

o. Mc-ycr, Victor: Bcr. d. dcutsch. chcm. Gc^clhch., 1892. x.xv. 2632; 1893 
.x.xxi, 2354, 172": 1S94. .x.xvii. 16CO. 

4 Grove a::<l Leevenhart: Jour. Pharmacol, aiui vxper. Thcrap.. 1911, iii, Ifjl. 

5. .\rki!i: Jour. Pharmacol, and c.xpcr. Thcrap., 1911, iii, 145. 
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that a substance which apparently increases oxidation within the respi- 
ratory and vasomotor centers, depresses them. It has been known for 
a long time that hydrocyanic acid is one of the most powerful stimu- 
lants of the respiratory center. It is also well known that hydrocyanic 
acid depresses vital oxidation. Therefore it seemed interesting to 
determine whether an antagonism existed between the action of hydro- 
cyanic acid and iodosobenzoate. In order to determine this, cannulas 
were placed in both femoral veins of a cat. In the left femoral vein a 
solution of sodium iodosobenzoate was injected and its effect deter- 
mined. After a short time sodium cyanid was injected into the right 
femoral vein, in order determine the effect of a given dose in the animal 
under experimentation. Then both substances were injected simul- 
taneously into the opposite veins. The complete antagonism of the two 
substances in their action on the respiratory center was readily seen.® 
This further indicated that iodosobenzoate increased oxidation in the 
center, since it was capable of antagonizing a substance known to 
inhibit vital oxidation. 

Eyster and I’’ showed that 'sodium iodosobenzoate, when perfused 
through the isolated mammalian heart, has a marked effect on the size 
of the beat even in very dilute solutions, whereas iodbenzoate has very 
much less action. We found that most of the active oxygen of the 
iodosobenzoate is removed from the solution on perfusing through the 
heart, and that the more vigorously the heart is beating the greater is 
the amount of oxygen taken up by the heart from this compound. 
Although iodoxybenzoate is apparently as active on. the respiratory 
center as iodosobenzoate, it is much less active in alterating the activity 
of the isolated heart. The heart also takes up far less oxygen from a 
solution of iodoxybenzoate than from iodosobenzoate, which again 
clearly indicates that it is the active oxygen in these compounds which 
accounts for their pharmacological action. It is also very interesting 
as showing how futile it is to predict, from knowledge previously 
gained with one tissue, what cft'ect a given oxidizing substance will 
have on another tissue. In fact, the longer one works at the problems 
of vital oxidation, the less willing he. becomes to make predictions. 
The effect of any new factor or condition cannot be foretold. It must 
be ascertained by experiment. 

The action of iodoso- and iodoxybenzoate on the circulation and 
respiration seemed so interesting that we determined to step aside from 
the original object of the investigation, namely, the quest of a substance 
for the treatment of general infection, lon'g enough to determine the 
relation between physiological activity and changes in the rate of 

6. Grove and Loevenhart: Jour. Pharmacol, and exper. Therap., 1911, iii, 131- 

7. Eyster and Loevenhart: Jour. Pharmacol, and e.xper. Therap., 1913, v, -1. 
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oxidative processes. Strange to say, this question had never been care- 
fully attacked as such, and the knowledge on the subject, which was 
more or less desultory, did not elucidate the problem satisfactorily. 
The reaction of the animal to asphyxia has been investigated for the 
last sixty years. Asphyxia is, however, a complicated condition. There 
exists both a lack of oxygen and an excess of carbon dioxid, and the 
relative parts played by these two factors in producing the symptoms 
of asphyxia have been the source of endless controversy. Further- 
more, products of incomplete oxidation having an acid character arise 
during asphyxia, and to these the symptoms of asphyxia have also' 
been ascribed in part. The striking symptoms of asphyxia, however 
produced, are the following; increase in the rate and depth of the- 
respiration, rise of blood pressure, slowing of the pulse, cessation of 
respiration, general convulsions followed by paralysis, marked and 
progressive fall of blood pressure, death. 

I cannot review the previous work on the subject of asphyxia, and 
must confine myself to recounting certain experiments .which seem to 
us to demonstrate conclusively that the symptoms of asphyxia can 
be brought about by decreased oxidation. Gasser and P produced 
decreased oxidation by methods Avhich did not permit of any accumula- 
tion of carbon dioxid or of acid products in two ways : 

1. By injecting sodium cyanid intravenously. 

2. By injecting pure carbon monoxid into the trachea without inter- 
fering with the respiration in any way. 

Artificial respiration was given when the natural respiration was 
depressed, thus preventing the accumulation of carbon dioxid. In the 
rabbit the injection of sodium cyanid into the jugular vein stimulates 
the respiratory center, on the average, within three to four seconds. 
StewarP found that it requires 2.8 seconds for the blood to pass from 
the left jugular vein to the right carotid in the rabbit. Thus the latent 
period of stimulation of the respiratory center by sodium cyanid is 
practically the time required for the substance to reach the center. 
This extremely rapid action precludes all possibility of explaining the 
stimulation as due to excess of carbon dioxid or the accumulation of 
acid products. It proves beyond peradventure that the cells respond 
with stimulation to a decrease in their own oxidative processes directly. 
Similarly, the vasomotor and cardio-inhibitory centers are stimulated, 
hut the latent period is longer than in the case of the respiratory center. 
The order of stimulation is, first, respiratory center, second, the vaso- 
motor center and last, the cardio-inhibitory center. With carbon mon- 
oxid quite similar results were obtained, but a little longer time was 

8. Gasser and Loevenhart: Jour. Pharmacol, and c.xper. Therap., 1914 v 239. 

9. Stewart; Jour, of Physiol., 1894, xv, 4. 
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required. Here the stimulation of the respiratory center occurs within 
six and one-half seconds. The extra time required to produce stimula- 
tion by carbon monoxid can readily be accounted for by the time 
required for the gas to be drawn into the lungs and pass through the 
endothelium into the blood. The difference between the action of 
carbon monoxid and hydrocyanic acid in these reactions is this : The 
carbon monoxid by combining with hemoglobin and forming carbon 
monoxid hemoglobin reduces the amount of oxygen which the cells 
receive, whereas hydrocyanic acid does not interfere with the supply 
of oxygen, but interferes with the consumption of oxygen by the tissues 
through its inhibiting action on the oxidases. This fact illustrates that 
decreased oxidation may occur when ' the supply of oxygen is not 
diminished and that the term decreased oxidation is not synonymous 
with oxygen zvant. Oxygen zmnt is but one, means of producing 
decreased oxidation. Every phase of the pharmacologic action of 
hydrocyanic acid and carbon monoxid can be explained on this basis. 
These results clearly prove that decreased oxidation leads first to 
increased functional activity or stimulation and later to depression. 

The effect of reducing oxidation in these centers depends on three 
factors : first, on the extent to which the oxidative processes are 
reduced; second, the suddenness with which they are reduced; third, 
the condition of the centers.^® If oxidation is reduced below a certain 
level, stimulation will not be observed. The more suddenly the rate of 
oxidation is reduced, the greater will be the stimulation. If the reduc- 
tion of the rate of oxidation is very slow no stage of stimulation will be 
noted, as the irritability of the cells will then decrease faster than the 
stimulus increases. Finally, the better the condition of the center the 
more readily is the stage of stimulation demonstrable and conversely, 
the poorer the condition of the center the more difficult it is to elicit a 
stage of stimulation. To summarize, then, we have found that a 
depression in the rate of oxidative processes in the medullary centers 
leads primarily to stimulation, whereas our work on iodosobenzoate and 
iodoxybenzoate showed that an increase in the rate of oxidative 
processes causes decreased activity or depression. In other wordsj the 
functional activity varies inversely with changes in the rate of oxidative 
processes. We^^ have attempted to form some conception which would 
account for this inverse relationship between functional activity and 
changes in the rate of oxygen utilization by the. cell. Verzar,^- working 
on the gaseous metabolism of muscle, and Barcroft and Piper^^ on the 

10. Loevenhart: Arch. f. d. ges. Physiol. (Pfliiger’s), 1913, cl, 379. _ 

11. Gasser and "Loevenhart : Jour, of Pharmacol, and exper. Therap., 1914, 

V, 239. 

12. Verzar; Jour. Physiol., 1912, xliv, 243. 

13. Barcroft and Piper: Jour, of Physiol., 1912, xliv, 359. 
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gaseous metabolism of the submaxillary gland, have shown that the 
period of increased utilization of oxygen outlasts by several minutes 
the period of increased functional activity following stimulation. Bar- 
croft and Piper found that following certain forms of stimulation, 
maximum utilization of oxygen occurs when the saliva almost ceased 
to flow. They say : “Probably therefore gland, like muscle, is a mech- 
anism in which oxidation serves to replenish a store of potential energy 
which is liberated in the act of secretion.” It would seem that we have 
two sets of processes going on within cells, one of which requires the 
acquisition of oxygen from without the cell. Since the cell continues to 
fix oxygen at a greatly increased rate for a time after functional 
activity has ceased and since heat continues to be liberated after the 
contraction of a muscle as shown by A. V. HilP^ it would seem that the 
fixation of oxygen by the cell must be the beginning of a series of 
oxidations. Let us designate this phase of oxidation within the cell as 
the R processes, since R will suggest rest and recovery. The essential 
feature of the R processes is that they require oxygen from without 
the cell. From our point of view functional activity is the external 
manifestation of a set of chemical reactions occurring within the cell. 
Since energy is liberated during functional activity we must assume 
that these processes are also oxidative at least in part. Let us designate 
the processes of which function is the external expression as A proc- 
esses, since A will suggest activity. We conceive that neither the A 
nor the R processes are ever in complete abeyance during life but that 
their relative intensity determines the relative state of activity of 
the cell. 

The work with iodosobenzoate and iodoxybenzoate indicates that a 
stimulation of the R processes (oxygen fixation) retards the A proc- 
esses and depression results. On the other hand, if the R processes are 
depressed, as by the use of carbon monoxid or sodium cyanid, it would 
seem that the cell must derive its energy from the A processes and 
increased functional activity must result. This is the only conception 
we have been able to form to account for the reciprocal relationship of 
oxygen fixation and functional activity. We know that an increase in 
the A processes entails an increase in the R processes, but since the 
latter outlast the former it would appear that the R processes lag 
behind. Since recuperation apparently does not occur under anesthesia, 
it would follow that both the A and the R processes are depressed in 
this state. Our work indicates also that when the R processes fall 
below a certain level, all functional activity ceases, or, in other words, 
the A processes cease. According to our point of view, the stimulating 
action of carbon dioxid is due to its power to depress the R processes 

14. Hill. .-X. V.; Ji<ur. PlnOol.. 1513. xivi, 2?. 
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just as hydrocyanic acid does. We believe that under physiological 
conditions the oxidative processes and therefore the functional activity 
of the respiratory center are conditioned by the carbon dioxid tension 
and not by the oxygen tension. This follows from the work of Haldane 
and his co-workers. 

We have recently turned our attention to another phase of the 
proposition that decreased oxidation primarily stimulates cells. The 
previous work showed that the cells of the respiratory center are appar- 
ently more sensitive to alteration in the rate of their oxidative processes 
than any cells in the body, and respond most readily with stimulation to 
a decrease in their oxidative processes. This is what we should expect, 
since the respiratory center, by controlling the entrance of oxygen into 
the body and the exit of carbon dioxid, really controls one of the 
fundamental conditions for tissue oxidation. From the lungs to' the 
tissues the oxygen must be carried by the hemoglobin. Since the red 
blood corpuscles and hemoglobin are produced by the red bone-marrow, 
it is obvious that the red bone-marrow supplements the action of the 
respiratory center in supplying the tissues with oxygen. 

Paul BerP® thirty-six years ago showed that the oxygen carrying 
power of the blood increases at high altitudes. He explained this as due 
to a reaction of the organism to accommodate itself to the decreased 
pressure of oxygen in the atmosphere. The facts brought out by Bert 
as well as his explanation of the blood changes have been the subject 
of much controversy. The majority of investigators, however, have 
agreed with Bert that there is an increase in erythrocytes and hemo- 
globin at high altitude. I cannot review the views which have been held 
regarding these phenomena, but will merely enumerate some of them. 
1. The increase is insignificant. 2. The erythrocytes and hemoglobin 
always increase proportionately and the increase is due to concentration 
of the blood either by loss of water from the body through evaporation 
or by the passage of plasma from the blood to the tissues. Again, the 
blood changes have been attributed to various physical factors such as 
(1) a displacement of the diaphragm upward and an alteration in the 
pulmonary circulation, (2) lessened vital capacity of the lungs at 
reduced pressure, etc. There are obviously many factors which may 
play a role in the effect of reduced atmospheric pressure on the blood. 
From our point of view, the increase in the hemoglobin and red blood 
corpuscles is probably due to a stimulation of the bone-marrow by 
decreased oxidation within the bone-marrow itself. 

I should like to describe briefly the apparatus which Mr. A. C. Kolls 
and I have devised in order to attack this problem.^® ‘ This apparatus 

15. Bert, Paul: La pression barometrique, 1878, p. 1108; Compt. rend. Acad., 
1882, xciv, 805. 

16. A description of this apparatus will soon be published. 
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was devised for the purpose of keeping animals in an atmosphere of 
reduced oxygen tension and at the same time to maintain them at the 
normal atmospheric pressure and thereby exclude all of the physical 
factors of high altitude. It consists of a respiratory chamber, the air 
of which is kept at a constant composition. The arrangement for 
absorbing carbon dioxid and water which the animal produces is that 
devised by Professor Benedict, and the oxygen supply is automatically 
controlled by a mechanism quite sirnilar to that used in Professor Lusk’s 
laboratory and described by Williams.^® We have introduced certain 
modifications which greatly facilitate the work that we have in hand. 
The results which Mr. H. C. Dallwig, Mr. A. C. Kolls and I have 
obtained with this apparatus may be indicated by citing two or three 
experiments out of a large number.^“ 


I. REDUCED OXYGEN EXPERIMENT 

Rabbits 4 and 5 


Length of experiment 132 hours 

Average oxygen tension 11.98 per cent. 

Average carbon dioxid 0.08 per cent. 


Average per cent, humidity. . . . { ^de^ « per cent. 


No. 4 — Before experiment. 

After 132 hours. . 
No. 5 — Before experiment 
After 132 hours. . 


Hemoglobin 
G. per 100 c.c. 
13.98 

16.97 (+21.4) 
14.39 

17.43 (+21 ) 


Erythrocytes 

6.678.000 

8.417.000 (+26) 

8.384.000 

8.490.000 (+ 1.3) 


II. CONTROL EXPERIMENT 

Rabbits 9, 10 and 11 


Length of experiment 167.5 hours 

Average oxygen tension 20.9 per cent. 

Average carbon dioxid tension 0.21 per cent. 

Weight 


No. 9 (albino) Before control 852 gm. After 970 gm. (+ 118 gm.) 

No. 10 (albino) Before control 861 gm. After 935 gm. (+ 74 gm.) 

No. 11 (albino) Before control 790 gm. After 898 gm. (+108 gm.) 


Hemoglobin Erythrocytes 

G. per 100 c.c. 

No. 9 — Before control 10.9 5,293,000 

After control 11.58 (+ 6.2) 5,772,000 (+ 9 ) 

No. 10 — Before control 13.1 6,389,000 

After control 13.74 (+ 4.9) 6,512,000 (+ 1.9) 

No. 11 — Before control 12.66 6,152,000 

After control 11.54 (— S.S) 5,827.000 (— 5.3) 


17. Benedict: Deutsch. Arch. f. k!in. Med., 1912, evil, 156. 

IS. Williams: Jour. Biol. Chem., 1912, xii, 317. 

19. A complete account of these experiments will soon be published. 
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III. REDUCED OXYGEN EXPERIMENT 

Rabbits 9, 10 and 11 


Length of experiment . .147 hours 

Average oxygen tension 10.98 per cent. 

Average carbon dioxid tension 0.19 per cent. 

Weight 


No. 9 — Before experiment 970 grii. -‘After 1,060 gm. (+ 90 gm.) 

No. 10 — Before experiment 935 gm;. After 1,070 gm. (+135 gm.) 

No. 11 — Before experiment 898 gm. After .973 gm. (+ 75 gm.) 


Hemoglobin Erythrocytes 

G. per 100 c.c. 


No. 

9 — Before experiment 

.... 11.58 


5.772,000 



After experiment 

.... 15.68 

(+35.4) 

7,544,000 

(+30.7) 


2 days after 

.... 16.70 

(+44.2) 

7,707,000 

(+33.5) 


10 days after 

.... 15.26 

(+31.8) 

7,442,000 

(+28.9) 


23 days after 

.... 11.8 

(+ 1.9) 

6,000,000 

(+ 3.9) 

No. 

10 — Before experiment 

.... 13.74 


6,512,000 



After experiment 

.... 16.38 

(+ 19.2) 

7,301,000 

(+ 12.1) 


2 days after 

.... 15.82 

(+15.1) 

7,186,000 

(+ 10.3) 


10 days after 

.... 16.76 

(+22 ) 

7,635,000 

(+ 17.2) 


23 days after 

.... 15.77 

(+ 14.8) 

7,533,000 

(+ 15.7) 

No. 

11 — Before experiment 

.... 11.54 

, 

. 5,827,000 



After experiment 

.... 17.02 

(+47.5) 

7,266,000 

(+ 24.7) 


2 days after 

14.70 

(+27.4) 

7,200,000 

(+ 23.6) 


10 days after 

.... 14.83 

(+28.5) 

6,918,000 

(+ 18.7) 


23 days after 

.... 14.47 

(+25.4) 

6,872,000 

(+ 17.9) 


IV, REDUCED OXYGEN EXPERIMENT 

Rabbits 15 and 16 


Length of experiment 260.5 hours 

Average oxygen tension 10.6 per cent. 

Average carbon dioxid tension 0.2 per cent. 


Weight 

No. 15 — (Gray and white) — 

Before experiment, 1,050 gm. 

No. 16 — (Albino) — 

Before experiment, 1,010 gm. 


After 1,130 gm. (+ 80 gm.) 
After 1,150 gm. (+140 gm.) 


No. 15 — Before experiment 

3 days' run 

6 days’ run 

11 days’ run 


Hemoglobin 
G. per 100 c.c. 
10.6 

13.32 (+25.7) 
16.76 (+58.1) 
15.92 (+50.2) 


Erythrocytes 

5.376.000 

5.920.000 (+ 10.10) 

6.620.000 (+23.1 ) 

5.715.000 (+ 6.3 ) 


No. 16 — Before experiment 

3 days’ run 

6 days’ run 

11 days’ run 


11.16 

12.28 (+ 10 ) 
14.96 (+34 ) 
15.26 (+36.7) 


5.952.000 

6.075.000 (+ 2.1 ) 

7.018.000 (+ 17.9 ) 

6.850.000 (+ 15.1 ) 


We have obtained many equally striking increases in other experi- 
ments. It is noteworthy that in Rabbit 5 the large increase in hemo- 
globin was not accompanied by a decided increase in the red blood cor- 
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puscles, showing clearly that the results could not be due to increased 
concentration of the blood, in which case the red blood corpuscles 
and hemoglobin would have increased proportionately. Blood smears 
stained with Tenner stain showed a large number of basophilic macro- 
cytes. The blood smear also left no doubt that we were here dealing 
with a stimulation of the bone marrow. The animals which we have 
used fall into four groups : 

1. Those which show an increase in both the hemoglobin and red 
blood corpuscles. 

2. Those which show an increase in the hemoglobin without' an 
increase in the corpuscles. 

3. Those showing an increase in the corpuscles with no change in 
the hemoglobin. 

4. Those showing little or no increase in either the red corpuscles or 
hemoglobin. The percentage of refractory animals (Group 4) is quite 
small. 

An increase in the carbon dioxid in the atmosphere of the chamber 
with the normal oxygen concentration produces relatively little effect 
on the blood count in comparison with atmospheres poor in oxygen. 
We have some indication, however, that increased carbon dioxid here, 
as in the case of the respiratory center may stimulate the bone-marrow. 
In the case of the bone-marrow, however, the stimulation is slight 
whereas it acts powerfully on the respiratory center. It is interesting 
then that the respiratory center and the bone-marrow conduct them- 
selves alike with regard to alteration in their own oxidative processes, 
since these two tissues provide the primary conditions for tissue oxida- 
tion. The work is interesting further in connection with polycythemia 
as observed clinically. It would seem that we might expect to find 
polycythemia in any chronic respiratory or circulatory condition which 
would result in the bone-marrow’s receiving an insufficient supply of 
oxygen. In some of our experiments we have allowed animals to 
remain in the box at the normal oxygen concentration, and under these 
conditions, no increase in the red blood corpuscles and hemoglobin was 
noted. We have made certain observations in the box on the o.xygen 
concentration required for a continuance of life, and compared with 
this the o.xygen concentration required to support the flame of various 
combustible materials. It was shown by Clowes*" that various com- 
bustible gases and liquids would burn only at definite minimum o.xygen 
concentrations. We have confirmed certain phases of Clowes’ work. 
Alcohol ceases to burn when the o.xygen concentration falls to 15 per 
cent. The Madison illuminating gas ceases to burn in an o.xygen con- 


20. Clowe.'; and Rctlwood: Proc. Royal Soc. Lcnalon. RnS 4, Ivi. 2. 
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eentratioh of about 13 per cent. At about this point a flaming pledget 
of cotton saturated with ether is extinguished. The hydrogen flame is 
extinguished at about 6.6 per cent, oxygen. Below this point no com- 
bustible substances which we have studied will produce a flame. 
Animals continue to live,- however, in an oxygen concentration far 
below this point. Thus we have found it necessary in order to produce 
alarming symptoms and death in rabbits to reduce the oxygen to 
between 3 and 3.5 per cent. This brings out one of the most striking 
differences between vital oxidation and ordinary combustion. If the 
atmosphere of the earth should become altered so as to contain only 
one-half the amount of oxygen, animal life would not, be interfered 
with in any way, but. it would be impossible to run a locomotive or to 
burn illuminating gas, and many of the substances which we consider 
dangerously inflammable would be as non-inflammable as water. 

I'o return for a moment, before closing, to the original subject of 
the effect of physiologically active oxygen on inflammation and on 
immunity processes, I should like to refer briefly to, two pieces of work. 
Prof. L. Hektoen-^ has investigated the effect of iodosobenzoate and 
iodoxybenzoate on certain immunity reactions. He injected these sub- 
stances intravenously in dogs and found that they greatly increase the 
production of specific hemolysin following a single injection of 10 per 
cent, suspension of goat blood. The results were striking. The increase 
in hemolysin in the animals receiving the treatment was from 12 to 60 
times as great as in -the ' control animals. lodbenzoate without active 
oxygen is without effect. Whether physiologically active oxygen will 
similarly stimulate the production of other immune bodies remains to 
be determined by further experiment. It is sufficiently obvious that if 
we could similarly increase the production of diphtheria antitoxin, it 
would be of great value. 

Dr. S. Amberg and his co-workers-“ in a series of investigations 
have shown that iodosobenzoate and iodoxybenzoate injected intra- 
venously or intraperitoneally have the power of markedly inhibiting the 
local inflammatory reaction as produced by mustard oil or bacterial 
toxins injected intracutaneously or instilled into the conjunctival sac, 
whereas iodbenzoate, possessing no physiologically active oxygen, is 
entirely without effect. The results are very striking indeed. 

Many attempts of an unscientific character have been made to use 
oxygen in some form such as ozone, compressed air, etc., in the treat- 
ment of disease. I need only refer to the extensive and disastrous use 
of potassium chlorate internally which was in vogue for many years. 

21. Hektoen, L. : Tr. Chicago Pathological Soc., 1911, viii, 138. 

22. Jour. Pharmacol, and exper. Therap., 1912, iii, 223; Jour. Am. -Med. Assn., 
1912, lix, 1598; Ztschr. f. d. ges. exper. Med., 1913, ii, 19, and oral communication. 
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It was supposed that since it is a very strong oxidizing agent outside 
the body that it would facilitate oxidation within the organism. This 
substance, however, does not lose its oxygen in the body, but is excreted 
unchanged in the urine. Dr. Abraham Jacobi-^ pointed out the great 
danger attendant on its use internally. The investigations which I have 
reviewed indicate that at some future time we may find important 
therapeutic applications of the results of studies in vital oxidation, but 
we hope that the next attempt will be founded on a basis of fact and 
will be subjected to careful scientific scrutiny before it is given to the 
profession. 


23. Jacobi, Abraham: Tr. Med. Soc., New York. 1879, p. 365. 



UROBILIN IN THE STOOL—AN INDEX TO BLOOD 

DESTRUCTION * 

OSWALD H. ROBERTSON, M.D. 

BOSTON 

This work was undertaken with the idea of determining whether 
the quantitative estimation of urobilin in the stool can be relied on 
to indicate the degree of blood destruction going on in the body, and 
also whether such estimation is of practical clinical value. 

According to the theory most commonly accepted, urobilin is a 
decomposition product of bile, formed chiefly in the intestine by the 
action of putrefactive bacteria on the bile pigments. The quantity of 
urobilin in the feces does not represent the total amount of bile 
excreted into the intestine, for part of the urobilin is reabsorbed in 
the form of urobilinogen. Yet there seems to be a pretty constant 
relationship between the two, and the urobilin output may be taken as 
a rough measure of bile excretion. Since the amount of bile formed 
is, with a normal liver, directly dependent on the quantity of blood 
pigment brought to it, the variations in urobilin excretion may there- 
fore be considered to indicate corresponding fluctuations in the amount 
of blood being destroyed. 

The few investigators who have contributed to this subject are prac- 
tically agreed in their results. Both Eppinger and Charnas^ and 
Wilbur and Addis- state without reservation that an increased quan- 
tity of urobilin in the stool, signifies an increased blood destruction. 
Simpson® who made many estimations on the stools of malaria patients, 
agrees with the above authors, and finds that the amount of ^urobilin 
excreted runs parallel with the intensity of hemolysis occurring during 
the course of the disease. 

The method used was that employed by Wilbur and' Addis,® which 
was found to be satisfactory and not too time-consuming. Briefly, the 
procedure consists in collecting the total twenty-four hourly amount 
of stool, protected from the light, emulsifying it in water, extracting 
a. portion of this in a mechanical shaker with acid alcohol, next adding 
zinc acetate and Ehrlich’s reagent, which bring out the spectroscopic 

* Received for publication March 6, 1915. 

* This work was carried on under a Dalton scholarship. 

* From the Pathological Laboratory and the West Medical Service of the 
Massachusetts General Hospital. 

1. Eppinger and Charnas ; Arch. f. klin. Med., 1913, Ixxviii, 387. 

2. Wilbur and Addis : The Archives Int. Med., 1914, xiii, 235. 

3. Simpson: Biochem. Jour., 1911, p. 378. 



OSWALD 1-1. ROBERTSON 


1073 


absorption bands of urobilin and urobilinogen, respectively. The 
solution is then diluted progressively till these absorption bands dis- 
appear and the reading made at this point. Thus the estimation, in 
terms of dilutions of the total twenty-four hourly stool, is really 
relatively quantitative. 

As the daily variations in the urobilin output are often great, the 
following estimations represent an average of at least six days stools 
with very few exceptions, and often ten days or more. The normal 
excretion was determined in six individuals, four convalescent patients 
in whom there was no reason to expect abnormal blood destruction, and 
two normal persons. These varied from 2,000 to 8,500 dilutions. Irr 
none of the cases studied since, with a normal hemoglobin metabolism, 
has the urobilin reached 9,000. This figure, therefore, has been taken as 
the upper limit of normal average elimination. The normal given by 
Wilbur and Addis is practically identical with this. 

Charnas used a very complicated and time-consuming method for 
extracting the urobilinogen from the stool and determining its amount 
by weight. The normal output in his cases averaged 0.13 gm. which 
would correspond approximately to 5,000 dilutions, the average normal 
in this series. On account of the instability of both urobilin and uro- 
bilinogen, and the difficulty of separating, these substances out in pure 
form, no attempt is made here to translate dilutions into terms of 
weight. 

Pernicious Anemia . — The eleven cases of group “’A” all showed 
marked clinical evidence of increased blood destruction. In ten, the 
red count and hemoglobin were falling, and the eleventh remained 
about stationary. None were of the aplastic type. The highest read- 
ings were given by the four sickest patients, three of whom died. In 
striking contrast to these are the two cases of pernicious anemia in 
group B” which were undergoing a rather rapid remission; the 
normal urobilin output during this phase of the disease being quite in 
harmony with the cessation of abnormal hemolytic activity.* This 
observation has also been made by Addis.* 

Malaria . — The case of malaria was in an acute attack with a hemo- 
globin of 50 per cent. 

Congenital Hemolytic Jaundice . — A very high urobilin excretion 
might well be expected in a hemolytic process severe enough to produce 
jaundice. Despite the evidence of great hemolysis, grave anemia 
rarely appears in this disease. This seems to suggest that in pernicious 

Urobilin in pernicious anemia as iniluenccd by ^pk-uectuiny. iraraifn^iun 
and salvarsan will be reported in a separate p-aiier. 

4. .-Xddis: Thk .-\KCHUi;s I.nt. Mkd., 1915. xiv, 413. 
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anemia there is another factor besides hemolysis; perhaps a weak 
marrow function. This case gave the highest estimation of the series, 
agreeing with the results of two reported cases of Eppinger and 
Charnas, 

Table of Cases 


A. CASES SHOWING AN INCREASE OVER NORMAL 


No. of Cases 

1. Pernicious anemia .11 

Highest 

Lowest 

Average 

2. Malaria 1 

3. Congenital hemolytic jaundice 1 

4. Secondary anemia — carcinoma (Regenerative type of 

blood) 1 

B. CASES WITHIN NORMAL LIMITS 

1. Pernicious anemia ; 2 a) 

(Undergoing remission) b) 

2. Secondary anemia 6 


a. Bleeding hemorrhoids 

b. Carcinoma of prostate 

c. Carcinoma of stomach 

d. Endocarditis 

e. Tuberculosis 

f. Septicemia 

3. Grave anemia — questionably pernicious or early leukemia. 1 


4. Leukemia 3 

a. Myelogenous 

b. Myelogenous 

_ c. Lymphatic 

5. Biliary cirrhosis — ^jaundice 2 

a. Infectious type 

b. Splenic (anemia?) type . 

6. Banti’s Disease 1 

7. Chronic passive congestion 2 a) 

8. Pneumonia — jaundice 2 a) 

b) 

9. Post-transfusion toxemia — jaundice. (Hemophilia) 1 

10. Paroxysmal hemoglobinuria f 

11. Gastric ulcer — tarry stools 1 


Urobilin 


30.000 
10,800 
21,800 
22,300 
64,800 

22.000 


3.600 

2.600 

5.900 

7.400 

2.900 

4.800 

5.000 
4,100 

7.600 

5.600 

6.400 
5,500 

2,700 

6.000 

2.800 

3.900 

7.200 
8,800 
3,300 

1.400 

4.200 

2.400 


Secondary Anemia . — The one case of secondary anemia in group 
“A” — carcinoma of the stomach — had a large spleen and a blood 
which although compatible with a severe secondary anemia, showed 
marked evidence of increased bone marrow activity, i. e., a high color 
index, polychromatophilia, and blasts, from which one may infer that 
there was active blood destruction going on. 

Case (a) of group “B” gave a history which would pass for per- 
nicious anemia and showed a blood picture strikingly like that seen 
in this disease, i. e., a color index above 1, polychromatophilia, macro- 
cytes, etc., except that many of the red cells showed definite achromia. 
It was found that he had internal hemorrhoids which had bled at times 
since the onset of the present illness, but never very much, noi was 
the increase in anemia associated with any increased bleeding. Ihe 
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normal urobilin output, however, was strongly in favor of this being 
a secondary anemia. Treatment was directed toward eliminating this 
possible etiologic factor with the result that within three weeks after 
operation on his hemorrhoids, the anemia had almost disappeared. 

Case (b) showed a somewhat changing blood picture. Two months 
previous to admission a relative and absolute lymphocytosis had been 
found. During his first stay in the hospital the blood was indistin- 
guishable from that seen in pernicious anemia and he was discharged 
with this diagnosis. The normal urobilin output found in this case was 
against pernicious anemia. After a few weeks he entered the hospital 
again in a poorer condition and with marked dyspnea. The only 
changes in the blood were a marked increase in the number of normo- 
blasts — as high as 70 per cent, per 100 white cells — and the presence 
of an occasional myelocyte. At this time an enlarged and nodular 
prostate was felt and X rays of the bones and lungs gave a 
picture strongly suggesting diffuse metastatic malignant disease. Our 
final diagnosis of carcinoma of the prostate with extensive bone mar- 
row involvement would explain the very unusual blood picture as well 
as the anemia of a nonhemolytic type. For, according to Dr. J. H. 
Wright, the replacement of his red bone marrow by metastatic tumor 
tissue produced not only the anemia, but also caused hematopoiesis in 
the liver and spleen and consequently a fetal type of blood, i. e., large 
numbers of normoblasts in the circulation. 

The remaining four cases in group “B” all showed a diminution in 
blood production — a low color index, achromia and no blasts. 

Grave Anemia. — Questionably pernicious or early leukemia. This 
was another case of atypical anemia diagnosed as pernicious during 
life. The blood picture was in every way characteristic of this- disease; 
however, several weeks before death the spleen began to enlarge and 
within a short time had filled the entire left side. At autopsy the 
glands were found to be filled with myelocytes and the spleen and bone 
marrow showed large areas of myelocyte formation. 

Leukemia. — All three cases were treated with radium at the Coins 
P. Huntington Memorial Hospital and in two the urobilin was deter- 
mined before and during the course of the treatment. Of particular 
interest is the fact that during the three weeks of radium application, 
the while count in one dropped from 640,000 to 94.000 and in the oiiier 
from 700,000 to 340.000, yet the urobilin remained the .-amc, inatea<i 
of increasing as might be expected, and the red counts siiov.’ed an 
upward tendency. The ab.-:ence of any change in urobilin output 
shows conclusively that radium does not destroy red cells, but rather 
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stimulates their formation. It would be difficult to demonstrate in anv 
other way that the increased red cell production was not accompanied 
by an increased destruction which might have acted to stimulate the 
bone marrow.® 

Biliary Cirrhosis. — The low figures in these two cases are of 
interest in view of the increased urobilin output which Eppinger found 
in hypertrophic cirrhosis. All clinical evidence supported the normal 
estimation to prove that the jaundice present was of hepatic and not 
of hemolytic origin. 

Case “B” called “splenic” in type, for want of a better name, as 
there was marked enlargement of the spleen without apparent etiology 
or accompanying anemia, gave a history which might well have passed 
for one of congenital hemolytic jaundice. Yet the slight enlargement 
of the liver, the presence of bile in the urine, the absence of increased 
fragility, and the small percentage of reticulated cells, together with 
the normal urobilin output, definitely excluded abnormal blood destruc- 
tion as the cause of his jaundice. 

BantFs Disease. — There is no uniformity in the degree of blood 
destruction occurring in Banti’s disease. Certain cases, or possibly 
stages, of the process show an increase, others do not. It is impos- 
sible to say as yet what these variations signify, since there are such 
a small number of reported cases of Banti’s disease in which urobilin 
estimations have been made. Eppinger, however, who has studied the 
disease from this point of view, has the feeling that those cases which 
gave high urobilin estimations showed the most favorable results after 
splenectomy. 

Chronic Passive Congestion. — There was no reason to suppose that 
an increased urobilin output would be found in this condition. .1 
made the estimations on these patients because Eppinger and Charnas 
have reported high figures in chronic passive congestion. A possible 
explanation of this discrepancy in results may be the fact that their 
two cases were evidently in extremis, while those in the above table 
had well marked decompensation but were not dangerously ill. 

Pneumonia. — If the jaundice present in these two cases were of 
hemolytic origin, one would expect the urobilin to be somewhere in the 
neighborhood of the estimation shown by congenital hemolytic jaun- 
dice. Th^t it was within normal limits seems strong evidence in favoi 
of a hepatogenous origin. 

5. The effect of radium on the blood in these cases, and also the findings 
in the case of “grave” anemia are cited by the kind permission of Dr. Thomas 
Ordway. 
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Post-Transfusion Toxemia — Jaundice. — This was a patient with 
hemophilia who had a severe reaction after transfusion, followed in 
thirty-six hours by a moderate jaundice and almost complete suppres- 
sion of urine. At first sight it seemed that a marked hemolysis had 
occurred. However, there was no increase in the anemia present 
before transfusion, the urine obtained on the second day contained bile 
and urobilin but no hemoglobin, and jaundice persisted for ten days, 
when death supervened. The low urobilin output added valuable 
information, and, together with the above facts, made it apparent that 
the condition was a toxemia affecting the liver and kidneys especially 
and that the jaundice was due to marked hepatic insufficiency. 
Autopsy showed central degeneration of the liver lobules and acute 
interstitial nephritis. 

Paroxysmal Hemoglobinuria. — Paroxysms were produced in this 
patient several times, and in spite of the very evident free hemoglobin 
present in the blood serum afterwards, the urobilin output was not 
increased. This rather puzzling condition was explained by determin- 
ing the rate of hemoglobin excretion by the kidneys, which was found 
to be exceedingly rapid — over 90 per cent, of the hemoglobin set free 
was eliminated in the first two hours.** 

Tarry Stools. — These stools were selected in order to determine 
whether the blood pigments in cases of increased hemolysis might not 
pass into the intestine as such, and there be broken down directly into 
urobilin, without having to go through the intermediary stage of bile 
formation. If this were the case, blood in the stools would be a serious 
factor of error in urobilin determinations. The low readings here rule 
out this '-possibility. 


SUMMARY AND CONCLUSIONS 

1. An increased quantity of urobilin in the stool was found con- 
stantly in 11 cases of pernicious anemia (except during remission) ; 
also in congenital hemolytic jaundice, malaria, and in one case of 
secondary anemia with a regenerative type of blood. All these cases 
showed clinical evidence of increased blood destruction. 

2. Cases of leukemia, secondary anemia, chronic passive conges- 
tion, pneumonia with jaundice, and diseases of the liver, all showed a 
urobilin output within the limits found in normal individuals. 

3. Those patients in whom the evidence of blood destruction was 
most marked, gave the highest urobilin estimations. 


6. A more complete report of this case will be made later. 
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4. There was no case with a normal urobilin output which showed 
any evidence of abnormal hemolytic activity. 

5. In view of the consistency of the above results, it seems fair 
to conclude, first, that the quantity of urobilin in the stool may be 
taken as an approximate measure of the degree of hemolysis occurring 
in the body, and second, that such estimation is of very definite clinical 
value in the diagnosis of conditions questionably hemolytic in charac- 
ter, particularly in anemias of uncertain type. 



THE EFFECT OF REPEATED INJECTIONS OF FOREIGN 
PROTEIN ON THE HEART MUSCLE* 

W. T. LONGCOPE, M.D. 

NEW YORK 

During some investigations previously reported,^ dealing with the 
effect of repeated injections of foreign protein on the kidneys and 
liver of experimental animals, it was noted that changes frequently 
occurred in the heart muscle ; and at that time mention was made of 
this fact. Since then the study of chronic protein intoxication and 
the effect of repeated anaphylactic shocks in animals, has been con- 
tinued, and as one part of the investigation especial attention has been 
paid to the change in the myocardium. 

That certain disturbances in the function of heart muscle may 
accompany acute anaphylactic shock is already well established. Auer 
and Robinson- have observed in both dogs and rabbits, marked altera- 
tions in rhythm, delay in the conduction of impulse from auricle to 
ventricle and partial or complete block during the acute phase of 
anaphylactic shock. Auer^ also describes a waxy appearance of the 
myocardium and of the voluntary muscles of the leg in rabbits dying 
under the same conditions. 

Worzekowsky and Kundratitz* have observed swelling, granulation 
and loss of cross striation in the muscle fibers of the heart following 
acute anaphylactic shock in guinea-pigs, while much the same changes 
are described by Beneke and Steinschneider.^ 

The details of the technic for these experiments are fully described 
in the previous article. Suffice it to say that rabbits, dogs, cats and 
guinea-pigs were sensitized to egg-white alone, horse serum alone, or 
to both proteins, and after an interval of three weeks inoculated with 
intoxicating doses of these foreign proteins. An attempt was always 
made to administer a dose sufficiently large to produce symptoms, but 
not large enough to kill. 

* Submitted for publication March 6, 1915. 

*From the Medical Clinic of Columbia University, Presbyterian Hospital, 
New York. 

1. Lpngcope, W. T. ; Jour. Exper. ]Med., 1913, xviii, 678. 

2. Auer and Robinson: Jour. Exper. Med., 1913, xviii, 42. 

3. Auer: Ztschr. f. Physiol., 1913, xxviii, 383. 

4. Worzekowsky and Kundratitz: Arch. f. exper. Path. u. Pharmakol., 1913, 
Ixxiii, 33. 

5. Beneke and Steinschneider : Centbl. f. allg. Path., 1912, xxiii, 392; Ztschr. , 
f. allg. Path., 1914, xxiv, 415. 
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The sensitizing doses were given at times intravenously (except in 
guinea-pigs), at times intraperitoneally and occasionally subcu- 
taneously. The intoxicating doses were administered either intra- 
venously or intraperitoneally. The number of intoxicating doses 
varied from three to twenty. In the majority of cases the animals 
received six to twelve intoxicating doses at intervals of one to two 
weeks. 



Fig. 1. — Rabbit 24. Effect of repeated injections of egg white on heart of 
sensitized rabbit. Extensive focal infiltration of myocardium by small round 
cells. 


As controls many hearts from rabbits and guinea-pigs that were 
supposedly normal have been examined, and a moderate number of 
hearts from dogs and cats. As a part of the study, rabbits have also 
been inoculated with a single dose of horse serum or egg white and 
their organs examined after varying intervals of time. 
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The material comprises the organs from 54 rabbits, 33 of which 
were sensitized and later received repeated intoxicating injections of 
foreign protein, 22 of which received but a single large dose of foreign 
protein; and 11 guinea-pigs, 13 dogs and 10 cats, all subjected to 
repeated anaphylactic shocks. 



Fig. 2. — Rabbit E. I. Effect of repeated injections of egg white on myo- 
cardium of sensitized rabbit. Small focus of round cell infiltration. (High 
power.) 


Since the changes in the myocardium are confined almost exclu- 
sively to the rabbit, these alone will be described in detail. 

Of 11 guinea-pigs, 3 showed the myocardial changes to be 
described; of the 13 dogs one, and of the 10 cats one, whereas of the 
33 rabbits subjected to repeated anaphylactic shock, 27, or 81.8 per 
cent., showed more or less extensive involvement of the myocardium. 

Macroscopically the hearts presented little that was abnormal. In 
a few instances they seemed large and were dilated, but since no 
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accurate weights or measurements were taken, little importance can 
be attached to this. Frequently the heart muscle was pale or showed 
a slight grayish streaking, and in a few instances it was distinctly firm. 
Microscopically the alterations were very definite and often, wide- 
spread. They were seen both in the right and left ventricle and in 
the auricle. Sometimes they appeared more intense in one situation 
than another and were particularly common and numerous in the right 
ventricle. 

What appeared to be the earliest and certainly the smallest lesions 
consisted of foci in which the muscle fibers looked swollen but showed 
no other definite changes. Surrounding these fibers and infiltrating 
irregularly the reticular spaces between them, were considerable num- 
bers of small round cells. In the larger and further advanced lesions 
the muscle fibers presented more definite changes indicative of degen- 
eration. There was swelling, loss of striation, occasionally vacuoliza- 
tion or irregular staining of the sarcoplasm. The nuclei were swollen 
and took tlje hematoxylin stain poorly. In marked contrast, however, 
to these comparatively slight alterations in the muscle fibers, was the 
extensive infiltration of small round cells which was always present. 
About the margins of the degenerative muscle fibers they were densely 
packed and infiltrated between the muscle cells in great numbers. So 
large and dense were many of these foci that they could be seen by 
the naked eye in sections stained by hematoxylin and eosin, when they 
stood out as sharply marked blue points. In the foci where the infil- 
tration was most pronounced the degeneration of the muscle cells was 
most marked. Here and there the fibers in cross section showed as an 
indefinite, shrunken ■ mass of protoplasm, staining rather deeply in 
eosin. Rarely the fibers had disappeared entirely. 

In the most advanced stage of this subacute process, the focus 
appeared as a mass of small round cells, amongst which were scattered 
the remains of the muscle fibers. 

What was taken to be the final stage of this focal chronic inflam- 
matory process was a group of swollen, irregular vacuolated muscle 
fibers embedded in a mesh of connective tissue, infiltrated here and 
there with small round cells or epithelioid cells. 

The lesions which have just been described were seen in all parts 
of the heart muscle. They occurred beneath the endocardium, espe- 
cially of the right ventricle, as well as in the depths of the muscle. 
They were rarely, if ever, situated about blood vessels, and the smaller 
arteries as well as the capillaries within and surrounding the foci 
were normal. Thrombi were never observed. 

As a rule the heart muscle between these foci and a short distance 
from them was normal, though in the right ventricle especially there 
wa.«! occasionally to be seen some edema and slight diffuse infiltration 
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of small round cells. In the latter stages of the process, too, when 
the cellular infiltration was largely replaced by connective tissue, the 
margin of the focus was not well defined and when many such areas 
occurred the appearance, especially in the right ventricle, was that of 
a more or less diffuse interstitial myocarditis. 

One may characterize these changes, then, as a slowly progressing 
degeneration of muscle fibers in isolated foci, accompanied very early 
by an intense round cell infiltration, and finally healing as connective 
tissue scars. They are not associated with discoverable changes in the 
blood vessels or capillaries. They vary in number from one to seven 
or eight in a single section and in size from the involvement of a few 
muscle fibers to foci measuring 0.5 to 1 mm. in diameter. 

Though a great number of hearts from normal rabbits have been 
carefully studied, no such changes have- ever been observed. Indeed, 
in one lot of thirty-six rabbits which were used for some of these 
experiments, all arriving at the same time from a single dealer, twelve 
were killed as controls and the hearts of all were normal. It seems 
justifiable, therefore, to conclude that the lesions which have been 
described are in some way dependent on the introduction of foreign 
protein into the circulation of these animals. The total absence of 
thrombi or vascular abnormalities excludes the possiblity of capillary 
thrombosis as a cause. 

To compare the results obtained in sensitized rabbits subjected to 
repeated anaphylactic shocks, the hearts from twenty- two rabbits which 
had received but a single dose of horse serum or egg white, or at 
most three injections repeated at twenty-four to forty-eight hour inter- 
vals, were examined at varying intervals after the injection had been 
made. This experiment revealed the fact that occasionally these animals 
showed the same changes as those repeatedly inoculated. Thus in this 
series of twenty-two animals the hearts of eight rabbits, or 25 per 
cent., showed similar but much less marked changes. The foci of 
degeneration and infiltration were fewer, so that often only one or two 
could be found after searching through several sections, and they were 
much smaller. This observation is sufficient to show, however, that 
subacute inflammatory foci do occur in the heart muscle of rabbits 
after a single injection of egg white or horse serum. 

This brings up the question as to whether the alterations described 
are dependent on a primary toxic action of foreign proteins when 
introduced parenterally on the cells of animals, or whether the lesions 
are dependent on an injury which occurs only during the period of 
anaphylactic shock. In a later publication this question will be fully 
dealt with, but suffice it to say at present that the occasional appear- 
ance of the lesions indicated in animals receiving but a single injection 
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of a large amount of foreign protein, does not justify the assumption 
that the entire process is caused by the primary toxic action of the 
foreign protein. In man, at least, the single injection of a foreign 
protein is followed, in many instances, after an. interval of seven to 
ten days, by “serum sickness,” a condition often of severe intoxication 
which von Pirquet and Schick have shown to be an anaphylactic phe- 
nomenon. Though the symptom complex known as serum disease is 
not observed in animals, it is still possible that an analogous condition 
accompanied by an injury to certain cells of the body may follow the 
single injection of foreign protein in any animal. 

It is well known that the injection of certain toxic substances will 
produce extensive myocarditis in "rabbits. Epinephrin and spartein 
have been shown by Loeb to bring about alteration in the heart muscle 
of rabbits. These changes, however, are entirely different from the 
ones obtained in my experiments. 

Perhaps more nearly allied, but still not identical, are the focalized 
degenerative and productive lesions obtained by several observers in 
the hearts of rabbits after the intravenous injection of certain types 
of streptococci. Thalheimer and Rothschild® have recently reviewed 
the literature on this subject and have described quite accurately such 
myocardial changes. The lesions thus produced differ principally from 
those that I have obtained in the degree of necrosis of the muscle fiber 
and polymorphonuclear leukocytic infiltration, which in my sections 
was entirely absent. 

CONCLUSIONS 

Repeated intoxicating injections of foreign proteins in rabbits pre- 
viously sensitized to these substances causes extensive focal degenera- 
tion of the cells of the heart muscle as well as of the kidney and liver. 
In the heart muscle these areas are characterized early by a dense 
infiltration of small round cells. Later the foci of subacute inflamma- 
tion give place to scar formation, so that in some instances the appear- 
ance of interstitial myocarditis is produced. 

Though these changes in the myocardium are only widespread and 
only occur regularly after repeated injections of foreign protein in 
sensitized animals, they may occasionally be found in rabbits that 
have received a single injection of foreign protein. 

This does not necessarily mean that the protein is primarily toxic 
for the cells of the animal. 

The lesions are quite different from those produced by injections of 
epinephrin and do not correspond exactly with the descriptions of 
those obtained from injections of streptococci. 

680 Madison Avenue. 


6. Rothschild and Thalheimer: Jour. _Exper. Med., 1914, xix, 429. 
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